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PREFACE. 



In the Author's opinion, no existing treatise upon the 
subject of Land Surveying is complete as a single text- 
book which will enable a student to become self-taught, 
nor does this book aim at such distinction. Efiforts have 
been made by others to render accessible in a single 
volume what heretofore was scattered throughout many; 
but the criticisms of reviews show the disappointment of 
such attempts. A few lessons in the field received 
from an experienced surveyor are indispensable for 
proficiency, and will provide an opportunity for valuable 
suggestions to the student as to what he should read up 
carefully arid what he may skim over. In the acquisition 
of such book-knowledge, he is recommended to study 
four or five, treatises by different Authors, and to exercise 
his own judgment, aided by the information received from 
his Instructor as to the methods he adopts. Throughout 
the compilation of both this and its companion volume, 
"Field Work and Instruments," one purpose has been 
persistently kept in view, namely, the practical aim of the 
work. Every surveyor knows that much time is saved in 
the execution of work, by the due exercise of forethought, 
but without knowledge, forethought is practically impossible. 
Great patience must be exercised by the young beginner 
He must remember that it is better to be blamed by his 
employer for being slow than for being inaccurate, and he 
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will then find, with due exercise of care and precision that 
he will acquire speed in proportion as he is diligent in 
practice. 

Efforts have been made to supply the needs of archi- 
tects, engineers, and surveyors in the following pages. 
Railway Surveying and Parliamentary work have been 
dealt with, in special chapters, as useful for engineering 
students. Architectural students must not, however, con- 
clude that this book needs no place on their shelf. Part of 
architecture consists in the consideration of a site with a 
view to placing a building on the land, and in the case of a 
mansion to be built on a new estate, an architect who 
surveys the estate himself, will know much more about the 
ground, than an architect, who, without inspecting the site 
has employed a surveyor to do the survey for him. The 
laying out of an estate round a mansion, needs to be con- 
sidered in relation to the mansion itself, as the centre of 
the whole. 

Precautions in the handling of instruments are given, 
but the limits of space allow their actual use to be only 
briefly described. Once, however, the construction of an 
instrument is understood, and the general principles of its 
application become realised, a little out-door practice will 
contribute more towards efficiency, than several hours 
spent in reading written descriptions of field-work. 

The Author is indebted to several well-known instrument 

makers, as well as to previously-published Student's Column 

articles in The Builder, for the illustrations which 

accompany this work. 

A. T. W. 
August, 1900. 
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CHAPTER I. 

INTRODUCTION. 

The origin of Land Surveying has been disputed by his- 
torians, but it is generally supposed to have originated with 
the Egyptians, who were compelled by the annual inundation 
of the River Nile, removing or defacing the boundaries of 
different proprietors, to devise some method of ascertaining 
the position of their land-marks by measurement after the 
waters had subsided. From the banks of the Nile, it is 
said to have been introduced into Greece by Thales, who 
was born 640 B.C., after he had travelled in Egypt with a 
view to study mathematical science, and to him as well as 
to Euclid, Archimedes and others, we are indebted for many 
geometrical deductions which have proved of great value in 
improving the art of measuring land. So great was the 
value set by the ancient Romans upon a knowledge of 
the art, that they accounted no man capable of commanding 
a legion who was incapable of measuring a field. 

The area of permanent pasture in Great Britain is becoming 
largely increased, and dependence upon wheat supplies from 
abroad is becoming more and more absolute, because wheat 
cannot be profitably grown here, and because the profits 
of barley growing are so uncertain. Towns extend in all 
directions giving an increasing value to land, with the con- 
sequent necessity to ascertain accurately its dimensions and 
content. 

Compendiums of mensuration, together with trigono- 
metrical expressions for the calculation of heights and 

B 
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distances, form no small portion of existing treatises upon 
the subject ; but a knowledge of the practical use of instru- 
ments is of primary importance, and in this study, it is 
essential to start upon true principles, otherwise it is 
difficult afterwards, to steer clear of error. 

Professor Leslie, in his Geometry, writes : " In surveying 
hilly ground it is not the absolute surface that is measured, 
but the diminished quantity, which would result, had the 
whole been reduced to a horizontal plane, the distinction 
being founded on the obvious principle that since plants 
shoot up vertically, the vegetable produce of a swelling 
eminence can never exceed what would have grown from 
its levelled base. All the sloping or hypothenusal 
distances are, therefore, invariably reduced to their 
horizontal lengths, before the calculation is begun." 

Thus we see the practice of professional surveyors sup- 
ported by the experience of a leading mathematician of his 
day, and the same opinion is approved by all who have had 
to deal with the value of land, for it is evident that if a field 
be sold by the surface measurement, and if it be afterwards 
levelled by filling up the valleys with material from the hills, 
the owner would not have the same quantity of land as he 
had paid for, if the field be re-measured. The only thing 
that can be reasonably admitted is the work of the labourer, 
consisting wholly of lineal and superficial measurement, 
such as mowing, reaping, hedging, ditching, etc. Lastly, 
no more houses could be built upon sloping ground, than 
could be erected upon its base, if the site were levelled by 
the removal of the hill. Hence the purchaser of ground, 
situated on a hill, would be unjustly treated, if the area be 
calculated by hypothenusal dimensions. 

In the field, a surveyor has, in the first place to consider 
what lines are necessary to be measured, not for the pur- 
pose of obtaining the area, but from which to measure the 
necessary offsets, in order to secure a correct outline plan 
of all the short indentations contained within the boundaries, 
and to accurately connect together the whole survey. The 
area can then be expeditiously calculated from the plan. It 
is a mistake to rush on to the ground in order to commence 
a survey before you have carefully escamined the exten^ 
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shape, and position of all you have to deal with. A little 
time spent in first walking over the ground will save time 
in the long run. The scale to which the plan is required 
to be plotted should be also settled at the outset, if possible, 
as upon this decision would depend the amount of measure- 
ments needed to be taken for the offsets. 

The importance of being provided with a change of 
clothing to suit all weathers cannot be overrated. The 
only real impediment a surveyor has to accept is a thick 
fog. Good stout boots are essential in field work. The 
comfort of shooting boots, where much walking about on 
rough ground has to be done, is only realised by those 
who have tried them. Two pairs are advisable to wear 
in turn upon alternate days. The boots are preferably of 
porpoise hide, well made, of good fit, free from soft 
lining (which is liable to pucker), broad at the tread and 
stout in the sole, and fastened by leather laces. Some 
surveyors wear breeches and gaiters. Knickerbockers, 
with box-cloth bands fastened with three or four buttons 
at the side, are better than straps or garters, which tend to 
prevent a proper circulation of the blood. When leggings 
are put over thick stockings they keep the calf of the leg 
too warm, and consequently encourage a feeling of laziness. 
Trousers are better in all weathers, as socks can be worn 
to suit the time of year, and leggings over the trousers in 
wet weather. A light mackintosh should be available. It 
is a good practice to establish a daily roll-call before 
starting in the field, enumerating the articles required for 
the day's work, in order that nothing may be forgotten. 
As regards men, it is a mistake to work short-handed. 
Men are needed to carry pegs and act as labourers in 
addition to those engaged as chainmen. In the country, 
it will generally be found that the " boots " at the hotel will 
possibly know of honest, sober men acquainted with the 
district, and perhaps those who have been out before as 
chainmen, and who will not therefore need the amount of 
training required by those who are not accustomed to the 
work. 
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CHAPTER II. 
RANGING OUT A LINE. 

In making a survey the first thing to be done is to 

determine the best positions for running the straight lines 

upon which the survey is to be based, and the next is to 

range out the base lines before measuring them from one 

station to the other. Ranging rods, of lengths varying 

from 5 ft. to 7 ft., are usually made circular in section, and 

painted in lengths of one link (7*92 in.), 9 in., or i ft., white, 

red, and black alternately. When one colour at a distance 

cannot be clearly seen against a background, one of the 

other coloured portions can generally be distinctly observed. 

White is most suitable for most backgrounds, but for a 

pale grey aspect, such as is presented by ploughed land, 

black is preferable, and for a green background, a red 

colour on the rod is preferred. For use at a considerable 

distance it is well to attach a flag of red and white bunting of 

about the size of a pocket handkerchief permanently to the 

top of certain poles, or in the absence of a more suitable 

signal a pocket handkerchief may be temporarily employed 

for the purpose. Some think it useful for long distances to 

fasten a piece of white canvas by tapes halfway up the rod. 

The surveyor must agree with his assistant as to the signs 

he intends to adopt for directing him in the field when 

setting a pole or ranging rod in a required line ; and the 

pole must not only be fixed in the ground upon this line, 

but be left vertically in position. The latter precaution can 

generally be accomplished by eye, but where great accuracy 

is required the aid of a plumb-bob, as shown in fig. 2, must 

be introduced, the string from which the plumb-bob is 

suspended being turned over the first and second fingers of 

the hand, so that when the string hangs vertically the pole may 

be set parallel to it. The detail of the plumb-bob in fig. 5 
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(pages 6, 7) shows the top unscrewed for the purpose of 
attaching the suspending cord by means of a knot. Whip- 
cord is the best to employ, as it wears better than string. 
A good form of plumb-bob for carrying in the pocket is 
shown in fig. 3, with a reversible point which screws up 
inside the hollow case forming the-*body-piece of the plumb- 
bob. Sometimes a square distance plate equal in width to the 
diameter of the cylindrical case is added, which is useful 
when checking the perpendicularity of walls. There is no 
fixed distance between the ranging rods. They serve to 
give direction only, except at the intersection points, when 
their position is accurately recorded. (See fig. i, pages 6, 7.) 
A straight line may be set out by successively placing 
poles in the ground in line with one another at convenient 
distances apart in the order marked i, 2, 3, 4, 5, in fig. i (pages 
6, 7), when one station B is fixed, the line being found to pass 
through A. The surveyor stands at a short distance from 
A behind the pole looking towards B with both hands free. 
The accuracy of the operation is promoted by not letting 
the eye be too near the pole A from whence the observation 
is made. If the intermediate pole requires to be moved 
towards his left, he indicates this to his assistant by moving 
his left hand in that direction. If the intermediate pole 
requires to be moved towards his right, he directs his 
assistant with his right hand in a similar manner. The 
assistant places himself a little off the line, facing a direc- 
tion at right angles to the line, so that he does not impede 
the line of sight and can turn his head round to receive 
further instructions from the surveyor. He must only hold 
the pole which he is directed to set with one hand and the 
surveyor in giving him the signals for so doing, should 
present the palm of the hand he holds up towards his 
assistant, as the full width of the hand is better to see than 
the edge. Any other spare poles should be laid down upon 
the ground, or be carried by another man, or boy, at a short 
distance from the line, otherwise they may confuse the 
surveyor in setting the pole required. Should the bottom 
of the pole be in the correct position, but the pole itself not 
quite upright, the surveyor may hold the elbow of his right 
arm with his lef^ hand and move the right hand, palm 
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outwards, to the right, like an inverted pendulum, or else he Hi 

may hold the elbow of his left arm with his right hand and i 

move the left hand palm outwards to the left. By such ei 

means he can readily indicate to the assistant that the : 

bottom of the pole is correctly placed, but that the top 
requires to be moved more, either from or towards the li 

assistant, in order to appear upright. If the line to be set 1 

out be a very long one, the surveyor may render his signals 2 

intelligible at a distance to his assistant by waving a pocket < 

handkerchief in the direction required by either hand, or by j 

fastening a pocket handkerchief to the end of a spare 1 

ranging rod and employing this as a flag to indicate his 
instructions. 

When any intermediate pole is set accurately, both as 
regards position and uprightness, the surveyor indicates 
that it is correct by raising both hands, palm down, one upon 
each side of the pole at A, and, while slightly bending his 
body, moves them from about the level of his head towards 
the ground. The assistant then presses the pole into the 
ground with both hands, or, if the ground be hard, props it 
up with loose stones or other material, and looks towards 
the surveyor for final instructions as to leaving it perfectly 
vertical before he proceeds to set the next pole. If both 
the stations A and B are fixed and the intermediate points 
upon the line have to be determined, the best order in 
which to place the poles in position, is to commence near 
the distant station and allow the assistant to work towards 
the surveyor along the line, as by this means each pole that 
is being fixed is distinctly seen by the surveyor, and is not 
in any way hidden behind the other poles. Where possible 
the surveyor should observe in each case the bottom or 
lower end of the ranging rod. If the pole marked 5 in fig. i is 
fixed first, the remaining poles might appear in line when a 
complete diameter out as indicated upon the diagram, 
because daylight could not be seen between them in the 
direction A B, and the base line A B would, if continued 
beyond B or if the pole B does not stand perpendicular, 
take the direction of the dotted line. Although this would 
not afiect the actual length of the line measured between 
the points A and B, it would affect the length of lines 
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measured off A £ upon either side of it, as it is clear that 
if the chain be laid out of line, an offset will be measured 
either too short or too long, the consequences being an 
incorrect plan leading to inaccurate computation of area. 

Figs. 6 and 7 (pages 6, 7) illustrate the ranging out of a base 
line between two fixed stations C and F when a hill intervenes. 
The poles C and F are fixed perpendicularly in the ground, 
and the surveyor with one of the intermediate poles D or E 
and his assistant with the other intermediate pole, each 
proceed to a distance as far apart from one another as will 
enable the top half of the pole at C to be viewed from E 
and the top half of the pole at F to be viewed from D. 
The diagram, for the sake of clearness, shows the poles D 
and E shifted about upon one side of the line C F only. It 
is probable that one or both of them in the actual setting of 
the lines, C D E and D E F would be brought too much 
over the line C F, and would have to be shifted back and 
wriggled into proper position by the process illustrated in 
fig. 7. It is evident that the farther apart the points D and 
E are from one another the more accurate will the line 
between C and F be ranged out, as a longer length of line 
will be common to the two sides C E and D F (figures 
6 and 7). 

When the ground is very undulating the surveyor is 

compelled to set up the poles at very short distances apart. 

When the line crosses a thickset hedge, a gap must be cut 

through with a bill-hook, sufficient to make the continuation 

• of the line upon the opposite side clearly visible. 

Poles are generally understood to be longer than ranging 
rods, but are the same in principle. Both are usually shod 
with a pointed iron shoe for convenience of planting in the 
ground. The most suitable ranging rods taper from the 
bottom to the top, being over an inch in diameter at the shoe, 
and about f inch at the top. When the position of a station 
point upon or at the termination of a base line is marked by 
a wooden peg driven into the ground, it is advisable to 
observe the precaution illustrated in fig. 8 (page 6) in 
order that the pole may appear in the direction of the line 
viewed. In rough open moorland iron pegs fixed in 
concrete, as shown in figs. 9 and 10, maybe advantageously 

h 
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employed for the main stations. The hollow portion serves 
to hold a ranging rod, which can be easily wedged up 
vertically in setting it up with the aid of a plumb-bob 
(see fig. 2). The top of this iron peg (fig. 10, page 7) serves 
as a reliable bench mark when taking the levels. 

A moderately gentle slope is by no means objectionable, 
as it enables the surveyor to obtain a better view of the 
country in ranging out his lines (see also pages 57 and 
72, but in railway work the precaution named upon 
page 309 must be observed). That the setting out of a 
straight line on the ground from one point to another 
demands some care and skill is easily tested by attempting 
to cross a field covered with snow, or other ground leaving 
footmarks, directly from one object to another. You must 
view two objects in line, one visually covered by the other 
to guide you for the continuation of the line in a straight 
direction. With one object only, as a guide, an irregular 
course will be pursued, while by means of continuously 
covering coincident sights, a nearer approach to a straight 
line is obtainable. Hence it is necessary to have at least 
one intermediate pole upon a line in addition to the poles 
at each end. 
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CHAPTER III. 

THE CHAIN AND CHAINING. 

All lines upon which a survey is based are measured in a 
perfectly straight line ifrom end to end, for which purpose a 
surveyor has to select one of two kinds of chain and tape 
which are commonly employed in the measurement of land, 
each divided into loo links. The total lengths of the best 
known short chain and tape are each 66 ft., and of the 
long chain and tape loo ft. The former is called Gunter's 
chain, from its inventor, the Rev. Edmund Gunter 
(1620 A.D.), and its use is quite peculiar to this country. 
It consists of 4 poles, or 22 yards, decimally divided into 
chain links, with eyes at each end. , Each link, being one 
hundredth part of 66 ft , will be equal in length to 7*92 in., 
but this fact is more interesting than useful, as any portion 
of a chain is invariably expressed in links. Chains of 
metre lengths, divided to fifths of metres and tallied at 
every two metres, are also sold for work requiring a metrical 
measurement. 

Link Chains, — A long chain saves time over level ground 
in fixing arrows in the ground ; but where the ground is uneven 
and rough, the links being so long as compared with those 
of a Gunter's chain, are apt to be twisted in being drawn 
through hedges and rough places, which of course produces 
errors in the measurements. In open ground a long chain 
aids accuracy, because the more often the whole length of 
a chain has to be shifted in measuring a base line the 
greater are the chances of error in recording the total 
measurement. A chain 100 ft. long is a suitable length, as 
a longer chain would be found very inconvenient to drag, 
especially in wet weather. 

In folding up a chain the most expeditious plan is to roughly 
lay it out as in fig. i (pages 14, 15) ; then take the links 
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nearest the 50 mark in one hand and fold the chain double, 
until the handles are reached, taking care so to cross the links 
which come next to one another in folding, that the body of 
the chain, when folded, may be smaller in the middle than 
at the ends, as shown in the figure representing the chain 
folded up. A strap is first passed round the middle to bind 
the links together and is then passed through the handles 
together, with the heads of the arrows, and fastened by a 
buckle. When you wish to unfold the chain, having 
unstrapped the arrows, take both handles in one hand and, 
having freed the first two or three links, take the remainder 
of the chain in the other hand and throw it out from you 
taking care to keep hold of the handles. When thus thrown 
out upon the ground you must then straighten and adjust the 
links where necessary and close any of the connecting rings 
that may be open at the joints before proceeding to measure 
the base line. 

Every chain is accompanied by ten arrows, each about 
one foot in length, made of stout iron or steel wire, and 
pointed at the bottom. The reason why ten is the number 
adopted is probably that ten chains of 66 feet in length 
equal one furlong. They are usually bent in a circular form 
at the top for convenience of handling, and a piece of red 
cloth is often attached to the ring of each, in order that 
they may be more easily observed when fixed in the ground. 
When in use they may be best carried by attaching the 
buckle end of the strap, which is taken off the chain, to the 
ring or top of one arrow, and passing the strap through the 
rings of the remaining nine arrows from which they can be 
easily removed, one at a time, as required. The use of the 
arrow with the strap upon it will then indicate that the 
whole ten arrows have been employed in the measurement 
of any given base line. Some surveyors adopt the plan of 
using ten supplemental arrows, distinguished from the 
others by brass or other marks, to be put down in 
succession at each tenth chain. In chaining long base lines 
it is advisable to put down a peg at every ten chains, 
entering it in the field book (which will be described further 
on in these pages), although, as here stated and subse- 
quently referred to, the usual practice is for the ten chains 
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to be only temporarily located. In case, however, of an 
accident in dropping an arrow, it becomes doubtful what is 
the exact number of chains that have been measured, and 
the position of a peg so placed limits the possibility of an 
error to a distance of ten chains, and then only this portion 
of the base line, in which a surveyor has the misfortune to 
lose an arrow, need be re-measured. Time is a more 
important element than the cost of labour and material in 
the use of pegs. 

For the purpose of testing the chain employed in an 
extensive survey during the progress of any work, which will 
most likely stretch a little every day it is in use, it is well 
to fix two pegs upon a level piece of ground near a fence, 
and at a distance apart just sufficient to enable the outside 
of the handles of a correct chain when drawn tightly to 
touch the inner sides of the pegs. This arrangement is 
better than making the chain's length measure from centre 
to centre of the pegs, but the chain should be pulled quite 
taut, and the rings cleared of all dirt, and the links 
straightened, so that the chain may play freely along its 
v;hole length. If the chain has been previously pulled over 
a ploughed field upon a wet day the rings uniting the links 
will have become clogged with dirt and the chain will need 
washing, which can be effected by passing it through a 
stream carefully. The test distance may be set out very 
accurately with a level staff, or, better still, with two level 
staves placed end to end in measuring the line, provided 
each level staff has been previously tested upon the 
Government standards. It is sometimes well to keep a 
properly-tested spare chain in reserve, to be used only for 
the purpose of testing when a level staff is not near to 
hand, and the distance should be proved prior to each 
testing of a chain, as pegs have been known to be purposely 
moved by parties interested in opposition. 

No survey can be accurate in which the base lines are 
ranged in the least degree curved, and in chaining up and 
down hill by a process called *' stepping," as exemplified 
in fig. 4 (pages 14, 15), the steepness of the slope will 
regulate the distance between the successive points, P, R, S, 
as the chain can only be raised to a certain height by hand, 
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and its top end should in each sub-divided length be held 
close to the ground. The chain should also be well 
stretched between the points of sub-division. In chaining 
downhill a plumb-bob is superior to a dropping arrow, for 
the reason that the head of such an arrow is liable in falling 
lo displace the point out of the perpendicular. A plumb- 
bob, however, takes longer to manipulate than a dropping 
arrow, although it can be adjusted with great care. In 
chaining uphill the follower manages the plumb-bob. In 
chaining downhill the leader takes charge of it. In either 
case, at the end of each chain's length, the totals 
are corrected, by the follower returning all arrows 
picked up, from intermediate points in a chain's length, 
to the leader, prior to proceeding with another chain's 
length. 

Tapes. — It may be mentioned that there are two descrip- 
tions of linen tapes ; one is usually known as the metallic 
tape, and has delicate copper wires or threads interwoven 
with the substance of which it is composed. The other 
kind is a plain linen tape without any such additional 
combination. When really good, either of them may be 
trusted at any time to half an inch while new, but 
linen tapes stretch by use in windy weather and shrink 
by use in rain. In using a tape in wet weather, or upon 
any occasion when it gets wet, it should never be rolled up 
until it is quite dry. Winding up a wet tape and laying it 
by in its box until it is next wanted, is a certain means of 
spoiling it. The tape, after being washed, should be coiled 
loosely up, and after carrying it for a short time in the open 
air it will be dry enough to wind up. The same remark 
applies to rolling up a dirty tape. Jn winding up a tape 
the box is held in one hand and the portion outside 
the box is drawn between the first and second fingers 
of that hand by turning the handle by the other hand. 
By this means the tape is prevented from twisting as it 
enters the box or leather case, which is usually of a polished 
brown colour. (See pages 17-19.) 

Metal band tapes are now very much employed instead of 
chains, as the sub- divisions indicated upon a continuous 
band are found to remain more accurate than is possible 
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with the use of separate links. The band tape aho makes 
a reliable standard by which to compare an ordinary link 
chain or a linen tape. The band chain or band tape is 
most conveniently wound upon an open X reel, but some 
are contained in a metal case. 

Fig. 8 (pages 17-19) illustrates a part of the measurement 
of a base line, and the method of taking offsets from 
one side of it to a fence line. The station or point 
upon a line from which the measurement is to commence 
being first determined, the surveyor makes it his business 
to count the arrows before commencing to measure a 
line, in order to see that his leading chainman has ten, 
and the surveyor instructs him to put two or three of 
his fingers through the handle of the chain, and with 
his thumb to hold one of the arrows close to the outside 
of the handle, and at about 2 or 3 inches from the 
point of the arrow. Then the leader carrying all the arrows 
draws the chain in the direction of the line to be measured, 
and is guided by signs from the follower who sights the line 
of poles or other marks, which determine the direction of 
the base line, by directing the leader to bend on one side 
clear of the line, with the arrow exactly upright in the same 
hand as the handle of the chain, as described (fig. 2, page 14), 
to move the chain end and arrow on one side or the other, by 
saying " from you," " to you," and to say " down " when in 
line for fixing. The ten arrows are used as tallies, thus : — 
When the leader reaches the full stretch of the chain, the 
other end being held fast by the follower, the leader holds 
an arrow vertically, as shown in fig. 2 (page 14), against the 
outer edge of the end ring or brass handle of the chain, and 
after shaking and pulling the chain to ensure a straight line, 
the leader thrusts No. i arrow into the ground. No sur- 
veyor will be able to record an accurate measure of length 
if he allows his chainman to hold long arrows at the top. 
He then leaves it there, and advances with the chain until 
the follower who has hold of the other end of the chain 
reaches No. i an-ow, and calls upon him to stop. The 
leader places another arrow against the brass handle or 
terminal ring of his chain, which is again stretched and 
directed as before. He then fixes No. 2 arrow into the 
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ground and leaves it there, to show the follower what point 
upon the base line he has next to measure from. The 
follower now picks up No. i arrow, and both the leader and 
the follower advance as before, until the required length of 
line is measured, or until all the ten arrows have changed 
hands, when a pole can be temporarily placed in line to 
mark the position of the tenth arrow, or length of one 
thousand links, while the follower hands all the ten arrows 
to the leader. The peg, recommended on page 13, can 
then be fixed. 

A good chain leader will whenever possible view some 
back object in the direction of the chain line, so that he 
may be able to keep the chain in a straight line with very 
little correction by the chain follower. If the ground is 
too hard to press the arrow at the end of any chain's length 
into its place, the leader marks the ground with the point of 
an arrow, thus, /^ and lays the arrow down. The inter- 
section of the lines in this mark shows the follower to which 
point the end of the chain has to be held in continuing the 
measurement of the line. While necessary for the leader 
and follower when chaining to stoop in a bending attitude 
to the arrow in the ground, there is no occasion for either 
of them to go down upon their knees to the ground. 

In taking offsets, the surveyor reads the tape at the 
chain, and the ring of the tape being held at a point to 
which the offset is required, the surveyor twists the tape 
round in a horizontal plane, as shown in fig. 8 (pages 17- 
19), in order to read the shortest measurements, and also 
to ascertain the link upon the chain at which the offset 
would form a perpendicular to the base line. 

When the points to which offsets are to be measured 
happen to be situated near the chain line, no difficulty is 
experienced in taking the measurement at right angles to 
the base line. For lengths exceeding the number of links 
which can be plotted by an ordinary offset scale, it is 
advisable to introduce an instrument such as a cross staff or 
optical square, rather than estimate the direction of a right 
angle by eye. (See ** Field Work and Instruments.") 

When a ditch intervenes, the centre of a hedge may be 
reached by placing the spiked end of a ranging rod in the 
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ring of the tape C, as indicated in fig. 7, and proceeding as 
in fig. 8. If the surveyor stands in a field with the ditch 
on his side of the hedge, he knows that the field in which 
he stands reaches, as a rule, only up to the edge of that 
ditch. Sometimes there exists what is termed a footset 
hedge, that is, having no ditch either side. The offset 
should then be taken to the centre, and should be noted in 
the field book thus — 3= — . It should also be observed 
that where a fence is found or hedge growing situated upon 
a bank having a ditch upon one side, it is probable that the 
bank has been made out of material originally dug out of 
the land of the owners of the fence in order to form the 
ditch, and in such case the boundary would be, say, 4 ft. 
more or less from the centre of the fence, according to the 
practice of the locality, so as to include the ditch, or the 
brow of the ditch may be the boundary. The surveyor 
should make local inquiry in order to arrive at a correct 
conclusion. If an old map of the property exists it should 
certainly be inspected, as many doubtful points upon the 
question of boundaries may be settled by it. (See also 
pages 135 to 137.) 

An offset staff is useful for hedges, where it may be 
difficult otherwise to reach the centre. It consists of a flat 
rod about i| in. wide by i in. thick, and generally 10 links 
long, divided into links. When a tape is employed, the 
surveyor must take care that his assistant has the end of the 
tape at the point to which the offset is to be taken, that he 
holds the ring without holding 5 ft. or 6 ft. of the tape in 
his hand, and that the tape is not short through being sewn 
in any part of its length. Where offsets are required upon 
a slope, they should be taken as much as possible at 
or near the plumb-bob points, so as to be accurately 
measured off the base line. Should the base line to be 
measured be shorter than ten chains, the number of arrows 
in the hand of the follower is counted and the odd links 
a;dded. 
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CHAPTER IV. 

SETTING OUT PERPENDICULARS. 

A PERPENDICULAR in a horizontal plane to a base line may 
be set out with the use of a chain only, in the manner shown 
by figures i, 2, and 3 (page 24). A right-angled triangle is 
formed, having its sides in the proportion of one set of 
numbers given in the accompanying table to fig. i ; but the 
proportion of 3, 4, and 5 is generally selected, as the points of 
intersection at the angles are here more clearly defined than 
they would be if the proportion of the other lengths were 
taken. The proportions are based upon Euclid, book i., 
prop. 47, a theorem said to have been discovered by 
Pythagoras, a disciple of Thales, who, after travelling in 
India and Egypt in pursuit of knowledge, settled in 
Tarentum, in Italy, where he founded the celebrated 
Pythagorean school, 550 years B.C. A distance of 40 links 
is measured along the base line in fig. i from the point at 
which the direction of a right angle is required. The 
assistants then hold the handle of the chain at V, and the 
80th tally at U, while the surveyor holds the 50th tally, and 
pulls up the chain at T, so as to form the sides of the 
triangle T U V, respectively equal to 50 and 30 links with 
the chain. T U is thus set out at right angles to V U. 
If, instead of 40 links, 30 links be measured along the base 
line from U to V, then the 90th tally must be held at U to 
obtain a similar triangle as shown in fig. 2. Should the chain 
be suspected to be out of order, giving a result as indicated 
by the dotted lines in fig. 2, the exact direction of a right 
angle may be obtained by setting out the triangle upon both 
sides of a perpendicular and bisecting the distance marked 
by the 50th tally upon the chain to obtain the position of 
the full line, shown in fig. 2, between the dotted triangles. 
If the 50th tally comes to the same point in both cases it 
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shows the method to have been correctly applied and the 
chain to be sufl&ciently accurate for the purpose. In fig. 3 
an equilateral triangle is formed by measuring 25 links 
along the base line upon each side of the point at which 
the right angle is required, and while the handle at each 
end of the chain is held by the assistants at the points so 
arrived at, the surveyor pulls out the chain and marks the 
position of the 50th tally, through which the perpendicular 
line would pass. However desirable it may be to range 
base lines free of all obstacles, it is in many instances 
impossible to do so. Some impediment might intervene in 
a long base line which may not seem an obstacle, until a 
near approach in setting out a line, and if the base line 
forms the side of a well-conditioned triangle, it would be 
clearly inexpedient to divert it in consequence of an 
obstacle lying on its path. 

Fig. 4 (page 24) shows how the distance H I may be 
measured when a rectangle can be formed upon both sides of 
it, and fig. 5 shows how the distance N O may be measured 
when it can be passed upon one side only. With a view of 
proving the accuracy of the work the perpendiculars at each 
end are erected upon both sides of the base line in fig. 4, 
while in fig. 5 double perpendiculars are set out at each end 
upon the side of the building that admits of this method. 
The buildings can be surveyed by offset measurements from 
the sides of these rectangles (page 24). The right angles 
can be best set out either by the use of the optical square 
or cross staff. A theodolite being adjusted generally for 
long vision only, will not be found to be so accurate for the 
short distances at which the angles are here fixed, as when 
longer lines are required to be ranged by its aid. (See page 30.) 

It is impossible to carry out a survey having any pretensions 
to size without having to use (so called) false stations, in 
order to range round and measure obstructions, such as the 
intervention of a house, a pond, or a river. In the above 
cases (page 24) the continuation of both ranging and 
measurement is impeded, and although the actual deviation 
of the base line in these situations might not exceed a few 
feet upon one side or the other, yet when this occurs in the 
middle of a long base line, ^uch shifting would in all 
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probability render it useless, as a main line of a system of 
well-conditioned triangulation, proper to be adopted under 
the circumstances of site. In measuring enclosures 
separated by walls, it must be observed that the ground 
upon which a wall stands must be included with the field to 
which the fence belongs, and as walls are usually broader at 
their base than at the top, it is important to attend to this 
circumstance and to note the thickness of the wall. As 
regards party walls, the reader is referred to the references 
thereto in the " Transactions " of The Surveyors' Institution. 
In the case of a boarded fence supported by posts and 
rails, where there is no ditch, the fence is usually supposed 
to belong to the side where the nails are driven home, 
presenting a fair face to the road or to a neighbour's property. 
Every stile and footpath (even if ploughed up) crossing a 
fence or boundary should be indicated in making a survey, 
but not necessarily every gate or opening, unless some right 
of way is to be denoted thereby. 

Inaccessible points may generally be determined by the 
application of practical geometry with the use of a chain on 
the ground. Distances may be arrived at, without the use 
of an optical instrument, by measurement upon lines 
adjacent to the required base line, when set out so as to 
form any one of the geometrical constructions shown in 
figs. I to 8 (page 26). Although in figs, i, 2, 5, 6, and 8, the 
right angles can be readily set out with the aid of a cross 
staff or an optical square, the perpendicular lines may also 
be set out by means of the chain only, as already explained, 
while in fig. 7 the system of transversals is shown. In 
fig. I the measured distance, D E, is equal to the required 
distance, A B. In fig. 2 the measured distance, C D, is 
equal to the required distance, A B, and this method would 
be equally applicable if the edge of a marsh or gorse had 
to be passed. In fig. 3 the only distance required to be 
measured is H K, and this can be best done with a tape. 
The equilateral triangles are set out in fig. 3 in the same 
way as fig. 4, by fixing each end of the chain at two points 
upon the base line, 50 links apart, and then pulling out the 
chain tight by means of the middle brass indicator to 
determine the third point \^ \he triangle. If the box 
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Sextant be employed for fig. 4, it will be well to check the 
accuracy by erecting a pole in the continuation of the line 
C E at 60^ with the line E X upon the other side of the 
base line. The construction of the remaining figures is 
explained by the diagram. In each case the direction is 
verified by simple ranging, as (figs i to 8) the obstruction 
does not impede the sight or ranging of the line, but only 
its measurement ; and the plan of arriving at the width of 
crossing is equally reliable, when the base line crosses on 
the skew or in an oblique direction with the centre line of 
the stream. In fig. 6, if we imagine that, at the point A, 
.the angle C A D be first set out as a right angle or 
thereabouts, and afterwards the instrument be set to half 
the angle CAD, then if the surveyor proceeds along 
the line A C until the object B subtends with A, the half 
angle so set, the distance A B will be equal to the distance 
A C, because the exterior angle C A D of the triangle 
C B A is equal to its two interior and opposite angles, 
and these being by the method adopted equal to one 
another, the sides subtending the angles are equal. 

Fig. 9 (pages 28-30) shows how the angle of a building 
may be correctly determined with reference to the position of 
a base line, when that building is so situated that it is only 
possible to cqnnect it by one line A C to the main base lines 
from which an estate is being surveyed. The distance of the 
point B along the base line being fixed, measure the lengths 
B D, D C, and C B, so as to be able to plot the triangle 
B D C, and measure the lengths C E and B E, so as to be 
able to plot the triangle B C E. Then, if the face of the 
building, D E, be straight, the line C E, when plotted, 
should appear as a continuation of the line D C. 

Fig. 10 (pages 28-30) shows a method for connecting a 
base line for an off-road with a main base line. A pole is placed 
in the middle of the off-road, at E, so as to equalise the off- 
sets upon either side, and another pole higher up the road, not 
shown in the diagram, but also placed in the centre of this 
road. A pole is then fixed at C, so as to be in line with the 
two poles fixed upon the off base line and also upon a point 
in the main base line B A. The direction of the line C E 
is determined for purposes of plotting by measuring the 
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sides of the two triangles B £ C and C £ K, the points fi 
and K being taken upon the main base line B A in such 
positions that the tie lines B E and E K touch the comers 
F and H of the adjacent buildings. Then, by recording 
the distance of F from B, when measuring B E, and the 
distance of H from K, when measuring E K, a valuable 
check upon the position of these comer boundaries is 
obtained. They are also surveyed in the ordinary way, 
when taking the offsets measured from both the lines B A 
and C E. The same method is adopted for fixing the 
direction of P N in fig. 1 1, but in fig. 1 1 the triangles do not 
extend to the points F and H as in fig. lo. When a piece 
of open ground exists at one comer, as shown in fig. lo, the* 
lines B A and C E may be connected by the formation of a 
triangle, C D L, in which C M is measured as a proof line. 
In the triangle B E K the line £ C forms the proof line. 
Upon a hard road, when frequent traffic might upset the 
position of poles temporarily set up in the centre of the 
road, they may be fixed very often in gully-grates and 
wedged up. A chalk-mark across the grate will enable the 
position of any pole to be easily redetermined if disturbed 
by passing traffic. This method has been supposed to be 
adopted in fixing the base lines O S and S W in fig. ii. 

Fig. 1 2 (pages 2 8-30) shows a method which can be adopted 
for determining the angle between the sides B £ and B F of 
an old building supposed .to be out of the square in plan. 
The direction of the side B F is first produced by fixing a 
pole at A, and the direction' of the line B E, by fixing a 
pole at C. The measurement of the line A C fixes the 
angle ABC. A similar plan could be adopted in the case 
illustrated by fig. 15 for connecting the base lines A D, D C, 
C B, and B A. At A and C the triangles have been 
formed ia the same way as the triangle N O Q in fig. 11. 
At B and D the tie lines in the triangles M B L and E D F 
(fig. 15) are ranged as a check in the same straight line. 
Figs. 16 and 17 show a method of connecting base lines by 
chain measurements when the angle formed by the base 
lines at their intersection is very obtuse. Fig. 18 shows the 
method adopted for calculating the unmeasured length B E 
of a base line, B D, after measuring a portion, £ D, of this 
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line, and taking the angles at the extremities of the 
measured portion by viewing a distant object A. Fig. 19 
shows a means of arriving at the height of a tower, A C, by 
taking an angle at D, and measuring the distance equal to 
B D. If an obstruction prevents the distance B D (fig. 19) 
being accurately measured, the formula given in fig. 18 may 
be used, B £ in fig. 18 being supposed to correspond with 
B D in fig. 19. (See pages 28-30.) 

Various other cases will arise in practice, each of which 
must be dealt with according to its special circumstances. 
All we can do is to suggest examples which we think to be 
of the most frequent occurrence, but we trust the study of 
the cases we have illustrated may help the student to form 
a correct judgment in applying main principles to such 
cases as may come under his care. In laying out new 
fences, the Surveyor should avoid the necessity of having 
to convey any suiface water away by underground means if 
possible, and should a fence be required to divide arable 
and pasture land, it is preferable to place the ditch in the 
arable field, as cattle in a pasture field wander towards the 
ditch, and damage the boundary. All surface water should 
be carried away by furrows, ditches, and open watercourses, 
in order to limit the provision of pipes to purposes of under- 
ground drainage as much as possible. 

When the theodolite is used for continuing a base line 
through a station marked by a wood peg, or for taking an 
angle between two base lines which intersect at a station 
marked by a peg, the best way to secure accuracy is to set 
up the instrument with the plumb-bob hanging vertically over 
the hole in which the pole originally used for ranging the line 
has been placed at the side of the peg and not over the peg 
itself. Occasionally the centre of a church spire, a lamp- 
post, or a weather vane proves to be well situated for 
indicating the direction of a base line, but its selection 
possesses this disadvantage, that the theodolite cannot be 
set up over the point so observed, and when this is the case 
a station should be staked out in a convenient position 
upon the base line near the foot of this object, with special 
reference to the direction of the succeeding base line, so 
that the angle between the two lines may be measured. 
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When, as in trigonometrical surveying, it may prove 
desirable to consider the lofty object first selected for 
viewing as the main station, the intermediate station is 
termed a " satellite," and the angle taken from this point 
requires to be reduced to the centre, i.e., transferred to the 
proper value for the principal station. 

In setting out a line with a theodolite it must be 
remembered that the effect of the inverting eyepiece is to 
make the pole or ranging rod appear to require to be shifted 
to the opposite side of that really needed. Thus, if a pole 
appears to require moving to the right when viewed through 
the telescope, it would need the surveyor to give the signal 
for moving it to the left. This will be clear to the reader 
upon perusal of the chapter on surveying telescopes in 
" Field Work and Instruments." 
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CHAPTER V. 

USE OF TRIGONOMETRY. 

No survey of any great extent can be conducted without 
the aid of trigonometrical principles, and although in this 
country the Ordnance Survey has in a measure done away 
with the necessity of making surveys of any very great 
magnitude, still in the Colonies there is yet a field where 
the principles may be put into practice. During summer 
months, in order to avoid inflicting injury on farmers by 
damaging their corn crops in measuring a base line with 
the chain, the use of trigonometry is of service. When 
trigonometrical calculations are to be made from the angles, 
the angles should be read to a single minute. An instrument 
that will accurately read an angle to a minute will answer 
very well for a practical surveyor, as angles cannot be laid 
down nearer to the usual scale of a plan, either by the line 
of chords or the protractor, but when a theodolite reads 
to smaller sub-divisions of a degree, it is well to record the 
same, for although, as stated, the relative bearings cannot 
be graphically plotted nearer than one minute, the close- 
ness of observation tends to ensure accuracy in a survey. 
If any two straight lines, such as A C and £ C, intersect 
one another at a point C, and if, from any point in one of 
these lines, at any distance from C upon the side forming 
an acute angle with the other line, we draw a perpen- 
dicular to meet the other line, a right-angled triangle 
will be formed. Thus, if from the point B in the line B C, 
we draw the perpendicular B C to meet the line A C, 
a right-angled triangle ABC will be formed, in which 



36 



LAND SURVEYING AND LEVELLING. 



— TRIGONOMETRICAL EXPRESSIONS — 




DESCRlPTlOM^riVFM OME SIDE OF ANY 
RIGHT ANCLCO TRIANCLC.TO CALCULATE 
EITHER or THE REMAINING SlOES, AFTEI 
ASCERTAINING THE NUMBER OF 
DEGREES src IN ONE OF THE 
ACUTE ANCLES OF THE ^^q! 
TRIANGLE . 



I. 

2 
3 
4. 

5. 
6. 



SIN 



ACB« ^^ -^- COS CAB 



AB = AC X SIN ACB 



COS ACB = -Ti^=||-=SJN_CAB 
CB = AC X COS ACB 



T^N ACB= mg=^= COTCAB 
AB = CB X TAN ACB 



SEC ACB 



BASE 

AC = CB X SEC ACB 



"^^ "^ CB = COSECCAB 



_ HYP 



COSEC ACB = ^=-^ = SEC CAB 
AC = AB X COSEC ACB 



COT ACB «= 
CB =AB X COT ACB 



PERP""AB "TAN CAB 
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B C will represent the base, A B the perpendicular, and 
A C the hypothenuse subtending the right angle. (See 
page 36.) 

Mathematical tables have been formed, giving the ratio 
between any two adjacent sides of a triangle, so that by the 
aid of these tables, when we know the length of any one 
side, and the value in degrees and parts of a degree of 
either of the acute angles A C B or C A B, we can arrive 
at the length of the adjacent side forming the angle, and 
then, having arrived at the length of two sides of the 
triangle, we can easily determine the length of the third 
side, either by a further use of these tables, or by the 
application of the 47 th proposition of the first book of 
Euclid. 

The trigonometrical values furnished by the accompanying 
tables for angles, to every degree of the quadrant, are de- 
nominated as follows : — (i) the sine of the angle, found by 
dividing the length of the perpendicular by the length of the 
hypothenuse; (2) the cosine of the angle, found by dividing 
the length of the base by the length of the hypothenuse ; 
(3) the tangent of the angle, found by dividing the length of 
the perpendicular by the length of the base ; (4) the secant of 
the angle, found by dividing the length of the hypothenuse 
by the length of the base ; (5) the cosecant of the angle, 
found by dividing the length of the hypothenuse by the 
length of the perpendicular ; and (6) the cotangent of the 
angle, found by dividing the length of the base by the 
length of the perpendicular. 

If in the triangle ABC the hypothenuse A C represents 
the radius of a circle equal to unity, then the sine of the 
angle will be expressed by the length of the perpendicular, 
and the cosine of the angle will be expressed by the length 
of the base. But if the length of the base be a radius equal 
to unity, as shown in the diagram, then the length of the 
perpendicular will express the value of the tangent, and the 
length of the hypothenuse will express the value of the 
secant. Hence the names sine, tangent, secant, applied 
to these expressions, sine signifying a line opposite the 
angle, and secant a line cutting the circle. The term 
** sine "is derived from *' sipus," signifying a b^nt surfacei 
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or curve, the angle being measured by the sine of 
the arc. 

In the case of the angle CAB, the line C B would 
become the perpendicular drawn from the point B, at a 
distance, B A, from the point of intersection, A, to meet the 
line C A in the point C, and B A would become the base 
from which the perpendicular would be drawn. Hence the 
sine, tangent, and secant of the angle A C B would become 
respectively the cosine, the cotangent, and the cosecant of 
the complement to the angle A C B ; that is, of the angle 
CAB. Furthermore, it will be observed that in either 
angle the reciprocal of the sine is equal to the cosecant, the 
reciprocal of the tangent is equal to the cotangent, and the 
reciprocal of the secant is equal to the cosine. (See pages 

39-41;) 
Strictly speaking, angles only determine the relative 

shape; equiangular triangles may be of very unequal 

magnitudes, yet perfectly similar, just as a circle may be 

either that of a watch dial or the orbit of Jupiter. It needs 

the diameter to be stated to fix its size, so with triangles, 

we require the length of the sides to be ascertained as well 

as the angles. But when they are all equilateral, the one 

having its sides equal to the corresponding sides of the 

other, they are not only similar and equiangular, but are 

equal in every respect. The angles, therefore, determine 

the relative species of the triangle, the sides its absolute 

size, and consequently that of every other figure, as all are 

resolvable into triangles. The angles determine direction 

only, yet the essence of a triangle seems to consist much 

more in the angles than the sides, for the angles are the 

true, precise, and determined boundaries thereof. It will 

also be observed that whatever the size of the triangle, 

provided the angles remain the same, these ratios will by 

the principle of similar triangles remain the same ; so that 

when the length of one side is known, the length of 

the other sides in any particular triangle can be 

determined. 

If a town to be surveyed extends over a considerable area, 

and afibrds no position for a long base line, it must 

unquestionably be surveyed with the aid of trigonometrical 

observations, A knowledge of plane trigonometry is also 
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useful for calculating distances across valleys or rivers over 
which a chain cannot be stretched, also for arriving at the 
co-ordinate dimensions to be employed in plotting a traverse 
survey (page 85). The accuracy of the work depends upon 
the accuracy with which observations are made with the use 
of an optical and angular instrument, nature providing in its 
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rays of light a practical infinity of straight lines which 
stretch in every unobstructed direction, and which may be 
regarded as the sides of a series of triangles which form the 
optical base lines of a survey. A knowledge of plane 
trigonometry is particularly serviceable in tunnel work and 
in mining surveying, and is employed in measurements 
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for uniting any detached underground survey to a surface 
survey, for the purpose of ascertaining the extent of 
workings in regard to adjoining property ; also to 
determine the height and distance of objects relatively to 
one another. 

In ordinary practice, where minutes and seconds of an 
angle are recorded as well as degrees, a table of logarithms is 
indispensable for the solution of trigonometrical problems. 
The signs of the trigonometrical expressions are also necessary 
to be understood. Suppose N C H and L C M to be two lines 
at right angles to one another, and fixed in position, and 
that the radius C H traverses the circle in the contrary 
direction to the hands of a watch, as indicated by the arrows ; 
in doing so it passes through the sectors of the circle marked 
I, 2, 3, 4, 5, 6, 7, 8 in the figure (page 42). Assuming 
H to be a point upon the circumference of the circle at 
zero on a scale of degrees, if radius Cll = a, and C F = :v 
and F H = ^, then x=^a-b. Now, so long as ^< «, ^ is + , 
and F lies to right of C ; but if b>a^ x\^ - and lies to 
the left of C. Hence any line measured along N H or 
parallel to it, is said to be a positive line on the right of C, 
c r a negative line on the left of C, that is along C N or 
parallel to it, and the symbol + or - represents ihe 
direction. The radius lying in the direction of neither the 
vertical nor horizontal direction cannot change its sign, and 
is always reckoned positive. Hence the sign of the 
trigonometrical expressions will be as follows : — 

In I, 2, 3, 4 the sine is + 

Ii^ 5> 6, 7, 8 the sine is - 

In I, 2, 7, 8 the cosine is + 

I^ 3> 4> 5} 6 the cosine is - 
and these signs determine the signs of the remaining 
trigonometrical ratios of tangent and cotangent, secant and 
cosecant. In dealing with an angle a, the expression cos a, 
&c., &c., will be independent of the magnitude of the 
revolving line and depend only on the absolute inclination 
of the two lines. 

Since cos a is never greater than unity, vers a is always 
+ and its greatest value is when a becomes 180° when cos 
c^=: - I and vers a ==2. 
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Dividing the circle into eight parts as shown in the figure 
we have 





The greater. 


The less. 


Angle. 


I. 


cos a + 


sin a + 


o° to 45° 


2. 


sin a + 


cos a + 


45° to 90° 


3- 


sin a + 


cos a - 


90'' to 135° 


4. 


cos a — 


sin a + 


135° to 180° 


5. 


cos a — 


sin a - 


180° to 225° 


6. 


sin a — 


cos a — 


225° to 270° 


7- 


sin a — 


cos a + 


270° to 315° 


8. 


cos a + 


sin a — 


315° to 360° 



It is useful to remember also that the 

sin of an angle + sin of another angle 

= 2 sin semi, sum (cos semi. difF.) 

cos of an angle + cos of another angle 

= 2 cos semi, sum (cos semi, diff.) 

sin of an angle - sin of another angle 

~ 2 sin semi. diff. (cos semi, sum) 

cos of an angle - cos of another angle 

= 2 sin semi, sum (sin semi, diff.) 
Also that 

2 sin of larger angle (cos of smaller angle) 

= sin of sum + sin of diff. 

2 sin of smaller angle (cos of larger angle) 

= sin of sum - sin of diff. 

2 cos of one angle (cos of another angle) 

= cos of sum + cos of diff. 

2 sin of one angle (sin of another angle) 

= cos of diff. - cos of sum 

If A < 45** cos A > sin A 

If A > 45** and < 90** sin A > cos A. 
The student desirous of working out one or two practical 
examples in the application of plane trigonometry to survey- 
ing, will find the following questions useful to test his 
proficiency, 
(i.) Having measured B A up a slope, and taken the 
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ftngies D B A, B A D, C B A, C A B, show how to calculate 
the lengths of B C, B D, and C D. 




(2.) Two men are surveying when each is at a distance 
of 300 yards from a flagstaff; the one finds the angle sub- 
tended by the position of his companion and the staff to be 
32" 45'. Find how far they are apart. 

(3.) In walking towards a flagstaff, a surveyor found the 
angle of elevation of its top to be 2** 19' 13" at one mile- 
stone, and after proceeding to the next milestone, the angle 
of elevation was 3** 28' 49". How much farther should he 
have to walk before he reached it, assuming they were all 
on the same level ? 

(4.) Wishing to know the height of a certain house stand- 
ing on the summit of a hill of uniform slope, a surveyor 
descended the hill 40 feet and then found that the heigbt 
subtended an angle of 34** 18' 19", but upon descending a 
farther distance of 20 feet, he found this angle had become 
19** 14' 32". Find the height of the house. 

The student who can work out these problems, and also 
is able to follow the trigonometry involved in the formulae 
for the setting out of curves, given on pages 203-225, will 
be able to deal with any problem in plane trigonometry 
likely to come before him as a surveyor. 
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CHAPTER VI. 

FIELD-BOOK. 

The field-book of a survey should contain upon its first 
page the surveyor's name conspicuously written, to provide 
for its chance of recovery, if lost, an index to the base 
lines, not necessarily drawn to scale, but sketched so as to 
indicate the relative position of the main base lines, and the 
direction in which they are chained. Thus the index sketch 
of the base lines used in plotting a survey made from chain 
measurements only is represented in the accompanying 
diagram (pages 47-49). The base lines are numbered, 
and an arrow upon each line shows the direction in which 
they were measured, in the field or upon the ground. 

Pencil entries are preferable to the use of ink in 
the field, because the ink will run in wet weather. No 
note should be left to memory, but should be written 
or booked at once. The surveyor should always carry 
a piece of india-rubber in his pocket. Few can 
sketch correctly, as well as clearly, without the use of 
india-rubber. Such corrections would mean erasing if pen 
and ink were employed. Measurements should be written 
small but clear. There is no occasion to chain a base line 
twice in order to prove its accuracy. The tie-line is the best 
proof of correct measurement, and is founded upon a pro- 
position of Euclid (book i., prop. 7), that upon the same line, 
and upon the same side of it, there cannot be two different 
triangles, having their sides terminating at the same extremity 
of the base, equal to one another. Thus the line marked 7 in 
the diagram, proceeding from a point in the line A B to the 
intersection of lines marked 3 and 6, forms a tie to the triangle 
formed by the lines marked i, 3, and 6 respectively. 

Scarcely any two surveyors set down their field notes 
exactly in the same manner. Usually, however, the main 
terminal stations are lettered in the field-book, but not the 
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intermediate stations, otherwise in an extensive survey the 
alphabet would soon be exhausted. A peg is driven into 
the ground at each station, and the chainage is always 
started from the peg, which denotes the station. Thus, in 
line 2 from station B to station C, the zero of the chain is 
placed at B when chaining the line B C. The position of 
the fence, twenty links back, can be most accurately deter- 
mined by measuring this distance in the direction of the 
line B C, but this is done with the tape or with the chain, 
before measuring line 2. The total length of line i at 
station B is 352 links from station A. The details of 
keeping a field-book vary very much in the practice of 
individual surveyors, but in the Author's plan the total 
length at a station point is written in the field-book side- 
ways, as shown, to distinguish it from the other chain 
measurements. The line is then continued on, to meet the 
fence at 365 links. In line 2 the measurement is continued 
on in a similar manner to meet the fence at 176 links. 

The surveyor should endeavour to have as few pegs as 
possible near each other in filling in the details of a survey, 
a station from which several lines radiate being more cor- 
rectly determined than where several single lines commence 
or terminate close to one another upon a base line. The 
exact distance of an intermediate station from the com- 
mencement of the base line may be best distinguished by 
enclosing the length entered in the field-book in an oval or 
oblong sketched in pencil, and placing a small circle with 
a dot in the centre upon the side, right or left, in which 
the branch line is to be chained. This is shown in the 
case of line 7, which is measured from 170, in the line i, 
to the right hand of A B. It is not necessary to note the 
distance of all the poles employed for giving the direction 
of a base line. Only the chainage of those used for sub- 
sidiary triangles and side base lines need to be recorded. 

The most usual form of field-book is that indicated in 
our diagram as pages i, 2, and 3, with two central lines 
(see pages 47-49), generally ruled in blue, upon each page 
of a field-book. As a rule it is not necessary to page a 
field-book. The leaves of the book should be regarded as 
forming a continuous roll, divided into pages solely for con- 

D 
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venience of binding, and to be suitable for carrying in the 
pocket. The surveyor commences his entries at the 
bottom of a page, and works upwards as he proceeds 
along the base line, a method which a little reflection 
shows to be quite natural, and preferable to all others, as 
it places the survey-book in the same relative position as 
the base lines with respect to the surveyor, who advances 
towards the distant station. Thus the bottom of page 3 
follows immediately the top of page 2 of the typical field- 
book which we have furnished. (See pages 47-49.) 

To render the central column of the field-book intelligible, 
we will assume that a draughtsman could have no difficulty 
in plotting the irregular fence line which crosses the line 
marked M M, if perpendicular measurements are given, as 
shown, at distances say 10 links apart along the line M M. 
If this straight line, M M, be supposed to be widened out 
into a column, N N, sufficiently broad to write in the 
measurements taken along the line M M, and the offsets 
varying from 7 links to the right of 60, up to 29 links to the 
left of 210, be repeated, we have practically in the form 
N N a field-book, as indicated by page 2 in the diagram. 

In keeping the field-book, therefore, it should always be 
remembered that the central column is virtually a repre- 
sentation of a chain line, and that the field-book should 
otherwise be as much as possible a fac-simile of the ground 
itself, with every post, hedge, house, pond, &c., placed on the 
pages of the book with regard to the central column, as they 
exist with regard to the chain line on the ground. It will 
be observed that the vertical lines for the offsets, measured 
from the line M M, or the column N N, are omitted in a 
field-book, and the distances only are figured, against the 
line indicating the fence, it being assumed that they are at 
right angles to the base line, unless otherwise sketched. 
As the central column is simply provided for the con- 
venience of clearly recording the chain measurements taken 
along the base lines, and therefore practically indicates a 
single line, the fence line at 50, 160, and 290 links 
respectively, where it crosses the base line A B, should 
not be drawn across this column, but should be sketched, 
as shown, upon eacb side of the column, and the measure- 
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ment at the intersection upon the chain stated in links 
by figures within the column, not in chains and links; 
thus the entry 956 would read, when plotting, 9 chains and 
56 links, but the decimal point is never inserted in the field- 
book. When the 100 feet chain is used, the offsets are best 
booked in feet and fractions of a foot, not in feet and 
inches, thus : 10 feet, 10 J feet, 10 J feet, lof feet, 11 feet; 
since an entry 11' o" might confuse with i 10" in plotting, 
and similarly in the case of other entries. Inattention in this 
particular causes much confusion in ihe relative position of 
offsets. The exercise of judgment is needed when taking 
the offsets, so as to select their correct positions, in order to 
avoid taking an unnecessary number of offsets. 

As the chaining goes on, the surveyors mark and note the 
distances from the commencement, in each case, at which 
intermediate stations upon the main line would be suitable 
in the survey, also as in the case of A C and B D, the inter- 
section of other base lines and the crossing of all fences 
and boundaries. Small triangles and other offsets not 
rectangular may best be recorded by sketching a diagram 01 
the lines so measured and writing their lengths along them. 
Tie lines, instead of being measured exclusively for such 
purposes, should, where possible, be arranged so as to take 
up such features in the ground as it would be necessary to 
represent upon the plan. At the same time, whatever 
distance will in any way help to confirm the accuracy of 
base lines should be measured by the surveyor. Incorrect 
results, however slight, are a cause of much anxiety and 
perplexity. In case one tie Ime happens to be incorrectly 
measured or described, the surveyor should possess a proof 
of his work in the record of the length of other tie lines. 

A small triangle with a dot in the centre is the mark 
adopted by the English Ordnance Surveyors for distinguish- 
ing their trigonometrical stations, and is recommended by 
the author for all main stations as shown in the field-book 
given in the diagram, pages 47-49. Lettering J^ for 
reference is better than saying (as some books teach) from 
"end of line No....' ; thus in the case of line 3 it is run 
from the end of line 2 and also from the end of line 5. The 
latter description would therefore be ami iguous. 
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CHAPTER VIL 
POSITION OF BASE LINES. 

In open country the relative position of survey lines 
can be best fixed by chain measurements. In laying 
out base lines it must be remembered that the triangle 
is the only geometrical figure which is incapable of 
change of form without altering the lengths of the sides, 
and that when the position of the sides is proved by tie 
lines, it shows that the lengths of the base lines have been 
correctly measured. We shall allude to this more in detail 
when describing the means adopted for plotting a survey in 
a future chapter. A four-sided figure, like the frame of a 
slate with the slate out, can assume a variety of shapes 
without altering the lengths of the sides, but as soon as the 
corners are diagonally tied together, triangles are formed, 
and the position of the sides is fixed. In making a survey 
it is better to work from the whole to a part, than from a 
part to the whole, not adding field to field and acre to acre, 
but to embrace the whole survey in one grand system of 
triangulation. The longest base line should if possible 
extend throughout the whole length of the survey, and the 
exterior boundary be measured by pfTsets from base lines, 
which should be connected by triangulation to the longest 
line. The interior details can then be obtained by the 
formation of subsidiary triangles, and the measurements 
taken are recorded in a manner described in the previous 
chapter under the head of Field Book. 

Experience alone can suggest the best position for the 
base lines, the angles between them being neither too 
obtuse nor too acute, but as equilateral as possible, as 
otherwise a very trivial error in the plotting of any one of 
the sides will materially alter the whole figure through the 
intersection being not well determined, and consequently 
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the area within it will be altered. Although no other fixed 
suggestion can be made, yet triangulation in surveying is by 
no means arbitrary; the merit lies in good construction, 
which may sometimes involve trespassing in a neighbouring 
field (see line A B, pages 54-56). In the case of a tres- 
pass, a favourable impression is created by the observance 
of common civility only, while offering a full explanation of 
matters, and at the same time seizing this opportunity for 
making inquiry upon any points of ownership required. 

The surveyor will require the assistance of. at least three 
men, two at the chain, and one to hold the tape and to look 
after the poles or ranging-rods. It is a great mistake to 
work short-handed, as it leads to a waste of the surveyor's 
time in running about. He should so train his men at the 
outset that in order to keep his field-book clean, it may not 
be necessary for him to handle the chain while at worl^ but 
he must observe that the leader of the chain always holds 
the arrow denoting the measurement upon the ground 
perpendicularly, and in a right line with the object of direc- 
tion, otherwise the line will not measure the true total 
length between the stations. The- precautions mentioned 
in Chapter III with reference to the chain must be likewise 
observed. Rather elevated points in open ground (see p. 10) 
are to be preferred in selecting station points and positions 
not likely to be disturbed by the plough or by cattle, so as 
to be available for future reference until accuracy be proved 
by plotting. In fig. i, pages 54-56, the fences are shown 
by full lines, and the base lines are indicated by dotted 
lines. When base lines cross a wall fence, the crossing 
points may be notched with a chisel. The lines from which 
offsets are to be measured, should pass- near to or intersect 
the fences and boundaries, but it would be a mistake to 
spoil a well conditioned triangle for the sake of running 
one of its sides near a fence, and hence subsidiary triangles 
are added to the main triangulation, in order to take offsets 
from the chainage of the sides of the subsidiary triangles, 
when the sides of the main triangle are too far off for offsets 
of reasonable length. Straight fences or walls may be taken 
up by a process termed " sighting," which consists in taking 
offsets for plotting, to each end of their line of direction. 
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In this case the position of the extremities must be very 
accurately determined by more than one measurement from 
the chain, as indicated by the triangulation off the base line 
shown at the intersection of the fences marked J in fig. 8 
(pages 1 7 to 1 9), and in the measurements indicated by the 
lines run off the base lines A B and B C, to the out- 
buildings shown upon the accompanying plan (pages 54 to 
56). Triangulation is here adopted in order to determine 
the exact position with greater accuracy than is attainable by 
offsets approximately rectangular. Wherever the slightest 
bend appears to exist in a boundary, an offset should be 
taken to it from the chain, in order to show the actual 
outline upon the plan, as indicated at the points marked 
E, F, G, and H, in fig. 8 (pages 17-19). The offsets are 
measured front either side of each chain's length, simul- 
taneously with the chaining of the base line, while the chain 
lies between two arrows upon the base line. So long as the 
total length of the chainage of a line is correct, it does not 
matter to the precise length of a link where the offset is taken, 
and therefore the chain is allowed to lie slack, but straight, 
without being kept tight, as it is impossible with the use of 
an ordinary scale to plot to single links. A bundle of, say, 
stout laths, as used by plasterers, divided into half lengths and 
pointed at one end becomes very serviceable for ranging, 
and being light are easily carried about until required. In 
chaining the line from station C to station A (see pp. 54-56), 
if a lath is left upon the line at 150 links, and another lath 
placed at the intersection of the hedge at 190 links, it will 
be unnecessary to re-set out this line when measuring the 
line D B, in order to determine, if desired, the intersection 
of the two diagonal lines, as the tape stretched from one 
lath to the other would cross the chain upon the line D B 
at 30 links from the first lath in the line C A, showing the 
intersection of the two tieJines to be at 180 links from C. 
On no account should any important point on the survey 
be trusted to a single offset. In continuing the measure- 
ment of a base line through a hedge, the chain should, if 
possible, be pulled through, or if the hedge be too thick, as 
supposed to be the case at M in the line D B, the process 
illustrated by fig. 6 (pages 54-56) is adopted, care being taken 
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o place the two poles accurately in line and vertical, chaining 

orward from E to F, taping the distance between the poles 

over the hedge, and then adding the measurement to E F, 

and placing the proper link at G to indicate the amount 

so determined before continuing the measurement to H. 

In the case of a town survey, never attempt in crowded 
thoroughfares to survey both sides of a street off one base 
line. The chain will be least disturbed by traffic, if lines 
are run as near as possible along either kerbstone, or close 
to the fronts or areas of the houses. (See page 62.) 

The magnetic bearing of one of the base lines by which 
the relative position of the north of the survey is arrived at, 
may be taken with a theodolite which contains a compass, 
or with a prismatic compass. If the prismatic compass 
held in the line A B reads 34°, as shown upon the plan, the 
bearing can be plotted with a protractor, as shown in fig. 8 
(pages 54-56), allowance being made for the deviation of 
the true north from the magnetic north. If the prismatic 
compass be held upon the line C A, and viewed in the 
direction from C to A it will read 242^. A reference 
to the article ** Magnetic Elements " in " Whitaker's 
Almanack " for the current year will give the variation from 
the true north. 

It is often advisable to lay down the base lines of a 
survey roughly to a small scale upon a sheet of drawing 
paper, in order to determine therefrom the exact position 
for the base lines either to be set out or for purposes of 
plotting. It frequently happens that a sketch has to be 
made when no instruments are obtainable, but by means of a 
single sheet of paper, a pencil, and a straight-edged ruler or 
piece of wood, such as could always be procured, very 
valuable work can be produced. In sketching without 
instruments care is more than ever essential, and it must 
be always remembered that the principle on which survey- 
ing is based is invariably the same whether instruments are 
employed or not. 

Before measuring a base line it must be set out. Upon an 
extensive survey, the theodolite may be employed in setting 
out long base lines, provided it is in thorough adjustment, 
so that in ranging out the required direction the vertical 
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circle of the instrument moves up and down in a direct 
vertical plane, and the cross wires clearly define every point 
fixed in a straight line with the centre of the telescope. 
The surveyor should have a small flag upon a ranging rod 
to direct his assistant when he is at too great a distance 
from him to hear or to see a motion of the hand. Referring 
to our diagram (pages 54-56), let us suppose we require the 
angle between the base Unes A B and B C, in fig. i. The 
instrument when removed from the box is in an undamped 
condition, and is set up over the peg at B, before in any 
way clamping the plates. The vernier of the horizontal 
plate is then set to zero at F in fig. 2, and clamped. The 
upper plate being thus clamped to the lower plate, the 
reading at 360° is finally adjusted by the tangent screw 
with the aid of the magnifying eye-piece attached to the 
horizontal plate. Both plates thus clamped are revolved 
upon the vertical axis by turning the telescope with the 
hand until it comes as nearly as possible in the direction of 
the line B A, and the line of collimation in the telescope is 
set to intersect the centre of a ranging-rod or peg, which 
has been previously placed exactly upon the line B A. The 
collar which fixes the lower plate or limb of the instrument 
is then clamped, and the lower milled-headed tangent screw 
connected with this collar clamp is slowly turned by the 
hand until the distant point of observation upon the base 
line is accurately bisected. Having done this, leave the 
lower plate clamped, and unclamp the vernier plate. By 
this means, freedom will be given to the stage carrying the 
telescope to traverse the required angle. The verniers 
move simultaneously with the telescope, and the angle is 
measured by the amount of arc described, after the telescope 
is set exactly in the direction of the line B C, and the line 
of collimation bisects the distant point to be observed. In 
proceeding from station A to station C in fig, i, the angle 
between the line A B and B C is booked at 278^ 11', 
whereas if we were proceeding in the opposite direction 
from station C towards station A, the angle at B would 
be booked at 81° 49'. For convenience of reading the 
verniers the zero point is placed at the side of the stage 
carrying the telescope, so that while the angle required to 
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be taken is situated as shown in fig. 4, the actual angle 
traversed by the verniers is shown in fig. 3. Having 
clamped the instrument, the surveyor reads the degrees and 
sub-divisions marked on the primary circle up to the arrow 
upon the vernier scale, and next proceeds to pass the eye 
along the vernier scale of the instrument towards the left, 
and then reads the additional number of minutes off the 
vernier or travelling scale without any reference to the 
primary circle, except for the coincidence of one of the 
vernier scale divisions with any division upon the primary 
circle. In all angular measurement the prevention of 
error is dependent upon the power and quality of the 
instrument employed, and is independent of the space 
over which the work extends. It is in the execution 
of a survey of a large estate that great judgment is 
required as to the actual angles to take, and as stated 
elsewhere (page 90) the position of the meridian line should 
be made but a secondary consideration, and in every case 
to depend upon the shape and size of the plan.. Where 
the two can be united, the better, as will be found to be the 
case in Ordnance maps (pages 132, 133). 

The dimensions of villages, towns, and cities may be 
obtained by the chain only, if the streets are wide enough 
to admit of the angle at the meeting or intersection of the 
roads being taken by tie lines. When the main lines 
are to be so connected, and especially if they are of some 
length, it will be necessary to run such tie lines as far away 
as possible from the point of intersection, for a small error in 
laying down the plan with short tie lines would cause the 
main lines to deviate considerably from their true position 
when prolonged. To secure accuracy in plotting it is 
advisable in such cases to measure the tie lines to a quarter 
of a link, and then to multiply both them and the distances 
from the angular points by 2, 3, 4, or any larger number as 
circumstances may require, and to use such products in 
laying down the base lines. (See figs. 9-1 1, pages 28-30.) 

Where a survey is required for the purpose of setting out 
building lots or for executing any new work which may 
extend over a considerable period, it is advisable that the 
surveyor should leave upon the ground good permanent 
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and well-defined stations, so that all his principal lines of 
construction may be re-set out at any future date in exactly 
the same position as when the survey was originally made, 
as it is necessary in order to set out allotments correctly 
upon the ground always to measure from the lines of the 
survey, and not from the fences. To record the line for 
such purpose, it is well to drive nails into the tops of the 
stakes or pegs and to strain a line of fine cord or wire from 
nail to nail, then with a sharp spade to nick out the line 
required as in setting out the centre line of a railway. 

When a long line of country has to be surveyed, a 
separate portion is usually allotted to different surveyors, 
each part having to be connected at its junction. 
Accuracy in connecting the base lines at such junctions 
will be aided by continuing them so as to overlap each 
other's work, and fixing them by intersecting triangles. 
It is always better to have a line or angle too much 
than to find difficulty in plotting by having omitted what 
may have appeared in the field to be a very trifling line 
or angle. The element of uncertainty should be entirely 
obliterated, and it is better to sketch too much than too little. 

Referring to the plan (fig. i, pages 54-56) showing base 
lines, the surveyor may make a short prolongation of a long 
fixed line as shown at the angles A, B, C, and D in the 
diagram, but he should never make a long prolongation of a 
short line. When the produced portion is over a chain in 
length, the end of the line so produced should be con- 
nected by a tie line. (See fig. 11, pp. 28-30.) In the insertion 
of a detail plan of a building the dimensions are taken and 
entered in feet and inches upon an enlarged plan, made 
upon a separate page and properly referenced in the ordi- 
nary field entries. In order to furnish a correct plan, the 
thickness of walls, the length and breadth of rooms arid pas- 
sages, the width of doors and windows, the projection of fire- 
places and other necessary dimensions need to be booked. 
If the premises are to be sold, every convenience should be 
noted and marked upon the plan in order to promote the 
sale, and it will be found very advantageous to have plans 
of the cellars and of the upper stories, and in some cases a 
sketch of the elevation, as well as a photograph thereof. 
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Where a system of chain triangulation cannot be adopted, 
the angles between the base lines may be taken with a 
theodolite in the following manner : — In surveying a town, 
where possible, commence the survey at the meeting of 
three or more of the principal streets through which the 
longest prospects can be obtained for the purpose of laying 
out base lines. The instrument is set up level with its 
vertical axis exactly over the intersection of two base lines. 
This is indicated by the plumb-bob hanging exactly over 
the centre of the station peg, the surveyor exercising the 
precautions as to the exact point, which were stated in 
Chapter II., figure 8 (pages 6, 7). For this purpose some 
surveyors use wire, others think a chain preferable on side- 
long ground, while the majority prefer whip cord to hold the 
plumb-bob. Upon a well-paved road the best way to mark 
the station points is to run the base hues so that they 
terminate, where possible, in the joints of the kerbstone, into 
which a 4 inch nail or stout spike can be easily driven (see 
fig. 10 pages 99-101), and which can be readily found when 
required for future reference, by noting its distance along the 
kerb from the nearest lamp-post, or by triangulation from 
other fixed points, as otherwise if the streets in which stations 
are necessary should be paved or pitched it would be impos- 
sible satisfactorily to mark the precise spot. The pre- 
ceding diagram illustrates a part plan of a town where this 
method was adopted. (See page 63.) The roads were first 
surveyed from the base lines as shown. (See page 62.) The 
angles at the points of intersection are taken, the subdivisions 
being read by means of a vernier scale, and the lengths of the 
base lines accurately chained. The detail of the enclosures 
can then be afterwards surveyed from base lines fixed in 
position by being tied on to the frontage lines to complete 
the plan. (See page 63.) 

The theodolite is the only perfect angular instrument with 
which horizontal bearings can be taken in an undulating 
country. The accuracy of the horizontal angles which are 
measured is proved by a process of repetition, which con- 
sists of respectively doubling and trebling, mechanically, the 
angle first read, and in order to avoid error of direction in 
plotting, it is advisable to adopt a uniformity of method, 
by always recording the amount of arc traversed by the. 
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telescope when moved in the direction of the hands of a 
watch. Hence, when the base line to which you are 
approaching deviates to the right-hand of the surveyor as 
he walks over the previous base line, the angle booked 
exceeds i8o°, and when it deviates to his left-hand it reads 
less than i8o° (See page 85.) It will be observed that as the 
primary scale of divisions is marked in a continuous circle 
upon the outer edge of the lower plate, a horizontal angle may 
be repeated indefinitely round the limb of the instrument, 
The principle of the instrument requires that the graduated 
circles should be concentric with the axis on which they 
turn, and also with one another. Errors due to eccen- 
tricity may be neutralised by reading the index of two 
or more verniers, and taking the mean of the number 
of sub-divisions recorded, because we know by geometry 
that if two straight lines cutting oif opposite arcs of a 
circle intersect one another in any point within that 
circle, the sum of the opposite angles is the same as if the 
line passed accurately through the true centre of the circle. 
The error of graduation is non-variable in the same instru- 
ment, but can be reduced to an inappreciable value by a 
number of repetitions. The process of repetition is thus 
conducted : — The lower plate containing the primary scale 
of divisions being clamped, the zero point marked 360** 
remains fixed, and the required angle is registered by the 
vernier F in fig. 2 traversing to G in fig. 5 (pages 54 — 56) 
of the diagram " Plan showing base lines." The clamp to 
the vernier plate being tightened, the line of collimation is 
accurately set in the direction of the base line B C by the 
upper milled-headed tangent screw, and the angle A B C in 
fig. I is then read by means of the magnifying eyepiece 
attached to the vernier at G. To check the reading of the 
subdivisions upon the vernier at G, the vernier at H 
may be read. Next let the vernier plate remain clamped, 
so that after the first reading the upper plate is fixed to 
the lower; then, without separating these two plates, un- 
clamp the collar to the lower plate and revolve the 
telescope bodily round to the first line sighted, and set 
the line of collimation in the direction of the base line 
B A, by again clamping the collar and working the 
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lower tangent screw. Unclamp the vernier plate and 
revolve it round in the direction of the hands of a watch 
towards the direction of the base line B C. Having 
done this, again set the telescope accurately in position by 
means of the clamp and tangent screw to the vernier plate, 
and read the angle. Let us suppose that now the angle 
reads 196° 20', it will be seen that, adding the value of a 
complete revolution, or 360°, to this reading, half this total 
amount would be 278° ro'. At a third reading the same 
operation should be gone through in a similar manner, and 
the angle should be within the value of one subdivision read 
upon the vernier plate of three times the amount of the first 
angle read, as it will be found in practice that the second 
and third operations will give a result slightly varying from 
the first angle, but that a number of repetitions added 
mechanically serve to secure accuracy in the resulting 
mean. The advantage of recording the first reading is 
that it serves as a check upon the number of degrees 
and minutes in the final average. In rough country it 
is advisable to commence and terminate the base lines on 
high and rising ground in every instance where practicable, 
for the purpose of being better able to obtain a good bear- 
ing on the back line when taking the angle of the forward 
line, and to see if possible the station points or bottom 
of the poles at the end of the lines forming the angles to be 
observed. (See page 10.) Winding roads should be traversed 
with the smallest possible number of angular observations. 

The student is recommended to make a sketch of each of 
the five examples given on pages 66 to 70, each supposed to be 
drawn to a scale of 4 chains to i inch, and to indicate thereon 
in dotted fine hues the position of such base lines as he would 
consider necessary with a view to being able to plot each 
survey from such base lines in the most advantageous manner, 
also to number the lines so laid down, in order to indicate 
the sequence in which he would proceed to measure them, 
then to show the result to some experienced surveyor and 
seek his opinion thereon. The answers he will receive in 
reply to his efforts will probably teach him more than mere 
observations of several examples presented already solved to 
his eye, and will greatly assist his future judgment in the field. 
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CHAPTER VIII. 

PLOTTING ANGLES. 

Protractors are made into various shapes and sizes ; the 
circular forms are the most accurate. The plain circular 
protractor has its outer circumference bevelled oJ0f to a thin 
edge, and is marked with radial lines indicating degrees and 
subdivisions of a degree, which are marked off upon paper 
with a needle point when required for purposes of plotting. 
The centre of the circle at which the angle is situated is 
marked upon the centre of the edge of a fixed bar, which 
crosses the hollow inner space in the instrument, and which 
is so constructed that the bevelled edge of this bar gives a 
true line through the centre of the protractor joining the 
zero point upon the outside edge with the division indicating 
180**. In some instruments there is no true centre, but a 
small circle around it, with the cross lines leading up to the 
inner metal circle of the instrument, upon the supposition 
that the eye will detect a point in the centre of a circle with 
precision. In most circular protractors a revolving arm is 
fixed so as to project beyond the circumference. One edge 
of this arm forms a radial line from the centre of the circle, 
and, when a vernier scale is attached, the arrow or zero 
point upon the vernier comes upon this radial line. In the 
best instruments folding arms are attached as shown in fig. i, 
and also to a reduced scale in fig. 2. (See pages 77 to 79 ) 
These folding arms can be fixed in any required position by 
means of the clamp screw marked D. The complete circle is 
here graduated into degrees and half-degrees, the verniers 
read to minutes, and the circle is crossed by four radial bars 
having the metal removed in the centre. The folding arms 
and apparatus connected with them, to which the verniers 
are attached, are fixed upon a frame, the whole of which 
can be made to move, when the clamp D is slackened 
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round the centre of the instrument. The detail of the 
attachment of the folded arms is shown in the section A A. 
It will be observed that, instead of the projecting arm lying 
flat upon the paper, as in the plain form of instruments, a 
sharp point, marked H, is fixed to the end of each arm, 
which, by slightly downward pressure with the hand, will 
leave a fine puncture upon the paper, and the line joining 
the opposite points so marked by each arm will pass 
through the centre of the circle, and will correspond in a 
line with the reading of the instrument, and thus the angle 
at the centre can be more accurately set out than could be 
done by drawing a line along the edge of a radial arm. 
Hence those instruments fitted with open double arms are 
preferable to those having a single solid arm in which one 
edge of the outside portion forms a radial line from the 
centre. The steel spring shown in the section A A at the 
joint of the folding arm with the vernier frame enables the 
point H to become automatically lifted off, clear of the 
drawing-paper, directly the required position has been 
marked and the pressure of the hand above it is taken off. 
The short marks K upon the inner circumference of the 
circle are engraved upon bevelled edges, as shown in fig. i 
and the section B B. These are placed so that lines 
joining them cross one another at right angles through the 
centre of the instrument. The centre of the instrument is 
sometimes made of glass with fine lines across it in the 
direction of the lines K K, and the centre is sometimes 
engraved upon the bevelled edge of a semicircular piece as 
indicated at B. In order that the line drawn through the 
points H H passing through the centre of the instrument 
may cross the two opposite marks K K at zero and i8o°, 
and be at right angles to the line joining the marks K K at 
90^ and 270^, when the verniers read zero and 180^ 
respectively, the zero points upon the vernier scales are 
placed in the centre of each scale. 

To set the verniers to any required angle, say 145^ 33', 
for the purpose of plotting the angle ABC: having deter- 
mined the exact position of the station B by scaling its 
length from the station A, in the given direction A B, the 
line A B is temporarily extended in length by ruling a 
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pencil line towards the 180^ mark, and another pencil line 
at right angles to it of sufficient length that the marks K K 
may be each set upon these lines when the centre of the 
instrument is placed over B and the mark K at zero comes 
on the base-line A B. The eye can more readily judge of 
the continuity or non-continuity of a line than it can 
measure the distance apart of small divisions by observation. 
Hence the addition of the vernier scale is employed for 
determining the fractional equivalent of a division upon the 
primary scale at which the index stands, whereby the eye 
determines where the line looks continuous, and thus reads 
into a vernier for arriving at the sub-divisions of a degree. 
The projecting arms are then opened and travelled round 
with the hand, by moving the frame at or near D, until the 
arrow upon the vernier coincides with the nearest division 
upon the primary scale to the reading required In the 
present case this would be 145 J*', as shown in fig. 4. The 
clamp D is then fixed, and the vernier is set to 145° 33' by 
means of the tangent screw. (See fig. i.) The actual position 
required is indicated in fig. 3. It should be remembered 
that the tangent screw is only intended to be applied for 
adjusting the sub-divisions upon the vernier scales to any 
addition required, which cannot be accurately set by eye 
upon the primary scale marked upon the continuous ciicle . 
of divisions. With the use of a protractor as shown in 
fig. I, the punctures on the drawing made by the sharp 
index point near the end of each arm, exactly correspond 
with the reading of the instrument, and it is an advantage 
for the surveyor to employ a circular protractor that shall 
be divided exactly similarly to the primary circle and 
vernier of his theodolite. (See pages 77 to 79). 

Fig. 8 (pages 99 to loi) illustrates the plotting of the 
angles taken between the base-lines in a traverse survey by 
me^ns of the circular protractor. The station pegs which are 
indicated in the field, as shown by figs. 10 and 1 1, are marked 
upon the plan with a small pencil circle, surrounding the 
station point, as shown at the termination of the base-lines 
Nos. I and 5, in fig. 8 of this diagram. 

Fig. 7 (pages 99 — loi) illustrates Stanley's patent pro- 
tractor, the construction being explained by its accompanying 
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sections. By its use angles already plotted upon paper can be 
measured off without drawing in extra lines upon the map or 
plan. The instrument is formed of two concentric circular 
pieces. The outer of these circles is divided into degrees, 
and sub-divided either into halves or thirds of a degree, 
while the inner circle carries a vernier, which enables the 
operator to read to minutes. Two arms, as shown in plan 
and section, are mounted upon these two circular rings, and 
have each one of their edges radiating from the centre of 
the instrument. These arms can be moved to include any 
angle up to nearly 360 *', the amount or size of which is then 
recorded by the index mark upon the scale of divisions. 
The instrument is made of metal, having the underside of 
the two radiating arms and the lower surface of the outer 
ring in the same plane, so that when the protractor is placed 
upon the plan the arms can be set to the lines between 
which the required angle is to be measured. If these lines 
do not actually meet, the length of the arm permits the 
angle to be set, without producing the direction of the lines 
in pencil to determine their point of intersection. For use 
in hot climates, protractors are also made of vulcanite, with 
vulcanite arms or blades, the Qiaterial being annealed at a 
very high temperature, so that when subjected to the severe 
test of the extreme heat of India, the temperature shall not 
influence its form to an appreciable extent. 

Fig. 9 (page 81) illustrates a station pointer, which is used 
in a similar manner to a protractor, but it will be observed 
there are two radiating movable arms with verniers attached, 
one upon each side of a central arm fixed at zero. These 
arms, marked C, are each set by means of their respective 
clamp and tangent screw at D, to the required angle with 
the line B A. The instrument thus clamped is moved 
about upon the plan, until the edges of the fixed arms 
B C, B A, and B C respectively coincide with the points 
upon the plan which indicate the stations observed, when 
taking the two angles with B A in the field. By means of a 
needle pointer (fig. 14, pages 99 — 101) the position of B 
can then be fixed. Lengthening bars to the arms are 
provided with the instrument for use when required, jointed 
as shown on page 81. 
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The most accurate way of plotting angles is by the 
intersection of arcs, having calculated, as shown in 
figure 2 (page 75), the length of an hypothenuse to a triangle 
the sides of which are taken of equal length. The triangle 
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A B D will afford the greatest probability of accuracy for 
calculation, when, as in the figure A B D, being less than a 
right angle, and the angles adjacent to the base are nearly 
equal, but even small acute and large obtuse angles may be 
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most accurately determined by means of their trigonometrical 
values. It is better to plot the triangles of a survey from 
the calculated lengths of their sides than by measures 
of angles, because measures of length can be taken from a 
scale and marked on a plan more accurately than the 
direction of lines pricked off from a protractor can be 
determined. (See Chapter IX.) For rough purposes the scale 
of chords found upon the short plain scale which accom- 
panies nearly every box of instruments is sufficient. The 
application of this scale, as shown below, depends upon the 

FIC 3 



— SCALE Of CHORDS — 

• 




fact that the chord which subtends an angle of 60° at the 
centre of the circle is equal to the radius, so that by describing 
a circle with a radius equal to the chord of 60° other angles 
can be set out by intersecting this circle with a chord equal 
in length to that given upon the scale for the required angle, 
and drawing the angle at the centre of the circle which 
subtends that chord (fig. 3). But for important surveys either 
a circular protractor having a primary scale of divisions 
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and verniers similarly divided to the theodolite may be 
adopted, or the application of trigonometry introduced, as 
explained in the chapter on " Transverse Surveying." In 
comparing a diagonal scale with a vernier scale, the student 
has only to draw out one of each for himself to arrive at a 
satisfactory conclusion. To form a diagonal scale, draw 
lines parallel to the line required to be sub-divided, at equal 
distances apart, say between C and D, and join the opposite 
corners by a diagonal line D B. The points of intersection 
of this diagonal line D B will then mark upon the parallel 
lines successively the fractional parts of the length of line 
C B, and by drawing vertical lines from these points of 
intersection the respective lengths may be transferred to the 
line C B. Where the sub-divisions are constructed in tenths, 
as is usual upon the broad plain scale of six inches in length 
usually found in a box of instruments, the decimal parts of 
any length may easily be measured by means of a pair of 
compassed with the aid of a diagonal scale, but it will be 
seen that a vernier scale is preferable, because in a diagonal 
scale it is not so easy to draw the diagonals with accuracy 
between the first and second lines, and there is no check on 
its errors, whereas the vernier scale would more readily 
display any inaccurate construction. Hence the use of the 
vernier scale, as explained upon pages 76, and 77 to 79. 
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CHAPTER IX. 

TRAVERSE SURVEY, 

The term ** traverse," as used and applied to surveys, 
denotes a continuous line in a zig-zag direction, the 
amount of inclination of the base lines with one another 
composing the traverse being taken carefully. When, 
as in an extensive survey, the station points to be plotted 
are numerous, it is found preferable to work upon a 
co-ordinate principle with the aid of trigonometry. A 
straight line 360*^ to 180°, or ranging north to south, is 
drawn upon the paper in approximately the centre of the 
plot, and a point of origin being assumed as a centre, the 
space surrounding it is next divided into squares, the sides 
of which are accurately drawn to run both north and south, 
and west and east of this point of origin, thus treating the 
earth as a globe having many faced solids, each compara- 
tively so small that any difference in the continuity of area 
of adjoining faces is negligible. The angle of each base line 
is taken in the field with the direction of north by the aid of 
a theodolite, but instead of being determined at each 
station by the swing of the magnetic needle, the inclination 
to each other of the base lines is taken and reduced in the 
following manner. Columns for entry may be ruled in a 
field-book with the following headings, thus (see diagram, 
page 85):— 



Line. 


Observed 
angle. 


Whole circle 
bearing. 


Length. 
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S. 
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But this form of diagram is not arbitrary. The surveyor 
may arrange his own form of entry, and also decide as to 
whether he will read exterior or interior angles, that is, 
whether he will proceed east to west via south, or east to 
west via north. Supposing he commences at the north of 
a circle and travels round in the direction of the hands of a 
watch, this being the manner in which a theodolite is 
usually graduated, he will record exterior angles. Referring 
to the annexed figure, his first reading is, of course, the 
angle which the first line taken, namely, line o — i, 
makes with the magnetic needle when at rest, say 78°. 
This must be most carefully observed and recorded, but 
the magnetic north being, say, 18° west of the true north, the 
angle which the line makes with the direction of the true 
north will evidently be 60" east. This is called the whole 
circle bearing. Setting up the instrument over the next 
station the angle between lines o— i and i — 2 would read 
255^, and subtracting therefrom 120° we obtain the whole 
circle bearing of 135*^. From this it will be evident that if 
the surveyor clamps the upper plate of the instrument to 
240° or to the sum of the last angle 60° with 180°, and 
then sets the telescope upon the line i — o, the zero of the 
primary scale with the lower plate thus clamped will be 
coincident with the north, and when the telescope with its 
upper plate is traversed round to the direction of the line 
I — 2, the vernier will record the required angle or 135°. 
Again, suppose the observed angle between the lines t — 2 
and 2 — 3 to be 75°, the whole circle bearing is found by 
subtracting. 45*^. This is a tedious process and requires 
a sketch made at each station, whereas if the surveyor 
clamps the upper plate of the theodolite to 315° or to the 
sum of the last angle with 180°, namely 135° plus 180^, and 
then sets the telescope upon the direction of the line 2 — i, 
the zero of the primary scale when the lower plate is thus 
clamped, will be coincident with the north, so that when 
the telescope with its upper plate is traversed round in the 
direction of the line 2 — 3, the vernier will record the whole 
circle bearing of 30° east of north. It will be evident that 
facility is afforded by the use of a theodolite with the usual 
two verniers diametrically opposite to one another whereby 
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a difference of i8o® exists between their respective readings, 
so that if when the instrument is set up over station i, the 
vernier plate is clamped to the angle furnished at the pre- 
vious station with the true north or 60^, that when the lower 
plate is clamped and the upper plate carrying the telescope 
traversed round to view in the direction of the line i — 2, if 
we read the opposite vernier or the angle i to X, we should 
record the angle 135*^. The opposite verniers may be dis- 
tinguished by being right and left of the telescope with its 
bubble up or bubble down, or by placing a magnifying eye- 
piece over the vernier in use, and not over the other 
vernier. Again, when viewing at station 2 in the line 
2 — I, and fixing the vernier at 135*^, then clamping 
the lower plate in this position, when the telescope is 
traversed round to the direction 2 — 3 it would record 
210*^, but the opposite vernier would read 30°, which is 
the angle to be recorded. The northings and southings 
with reference to the point of origin are termed differences 
of latitude, while the departures left and right are termed 
eastings or westings according to the direction in which 
they are taken. The calculation of the differences of 
latitude and departure is effected by reference to tri- 
gonometrical tables (Chapter V.), and thus by an appli- 
cation of rectangular co-ordinates referred to a four- 
quadrant system, the plotting is found to be more 
accurately determined than when the method shown in 
"■fig. 8 (^pages 99 — loi), by means of a circular protractor, is 
relied' iipon. Each square upon the sheet of paper 
employed for the plotting is drawn to have a length of side 
calculated to scale a fixed round number of links, not only 
to 'aid rapid plotting but to facilitate final accuracy. If the 
survey was required to be drawn to the Ordnance scale of 
J^ then squares each one-tenth of a foot in the side would 
represent 250 feet lineal measurement, an amount which needs 
no consideration of any allowance to be made between the 
spherical and plane surface of the ground traversed. If the 
length of line o — ^^i be roo Ifiiks, then the station i will be 
situated at 100 cos 60'' to the north and 100 sine 60^ to 
the east. If the length of line 1—2 be 150 links, then 
station 2 will be 150" cos 45^ to the' south and 150 sine 45^ 
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to the east, so also if the length of line 2 — 3 be 1 20 links, 
then station 3 will be 150 cos 30^ to the north and 150 sine 
30^ to the east. In this way the co-ordinate measurements 
north, eastj south and west of the point of origin are 
determined. The length of base lines would be usually 
greater than the number of links here assumed, and the 
angles would generally contain minutes in addition to 
degrees, but the method would be the same, and the 
student is recommended to try a case by traversing an 
imaginary enclosure of five or more sides pegged out in 
a field and to frame his own mode of entry in the field-book. 
The figure (page 85) illustrates a portion of an unclosed 
traverse, in which it is presumed that the surveyor decides 
from real cause of situation, or of option, not to work back 
to the starting-point, but in all important surveys it is usual 
to finish upon the starting-point, even when necessary to 
pursue a circuitous route for this purpose, as the summation 
of tha angles can then be checked by the well-known 
corollary to the 32nd proposition of the first book of 
Euclid, which states that the summation of all the interior 
angles of any rectilineal figure, together with four right angles, 
are together equal to twice as many right angles as the figure 
has sides. In a traverse survey the number of stations 
should be as few as possible, and as much care should be 
exercised in taking the lineal as in taking the angular 
measurements, but it is immaterial whether the angles are 
read before or after the chaining is done. It is nevertheless 
found practically that the length of a very long line upon 
uneven ground can be more accurately determined tri- 
gonometrically than by the direct application of any measure 
of length, and in cases of surveys, in which the distances are 
long and numerous and the offsets comparatively few, this 
method is suitable. To secure great accuracy in taking 
important angles between very distant stations the best time 
for observation is about an hour before sunset in dry weather, 
and early in the morning, if not misty, in wet weather. It 
is advisable to avoid the middle or close of a hot day in 
damp weather, if possible. If the surveyor is satisfied 
that the graduations of his theodolite are correctly marked 
Jie need not read more than one vernier ; but should he 
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decide to read the opposite vernier, as a check upon his 
record of sub-divisions, it is a safe plan to have some means 
of designating the verniers apart. Some makers engrave 
the letter A upon one, B upon the other, and C upon 
a third if provided. When not so lettered or marked, the 
surveyor may use only a single reading lens which travels 
over the vernier to be read and he thus avoids doubt. 
Col. Everest's theodolite usually has three verniers, while 
the ordinary plain and transit instruments usually have 
only two. 
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CHAPTER X. 

PLOTTING A PLAN. 

Maps and sea charts were first introduced to England in 
1489 by Bartholomew Columbus, brother to Christopher 
Columbus. A geographical map indicates the relative 
position of places. A topographical map gives a plan of all 
the principal points and objects. The former corresponds 
to a key plan, the latter to the plan of a survey, which 
gives a picture of the site such as would appear from a 
balloon floating in the air exactly over every point of the 
area viewed. 

The term " plotting " refers entirely to the office work — 
laying down the base lines and filling in the survey. In chain 
surveying the accurate position of base lines from which 
offsets are taken depends upon the intersection of measured 
distances. In fig. i (pages 92-94) the base lines A B, 
B C, C A, measure respectively 14 chains 88 links, 23 
chains i2'.i nks, and 32 chains 74 links. The plan need not 
necessarily be plotted so that the top of the paper repre- 
sents the direct north, as in an ordinary map ; but the lines 
should be placed in the most convenient position to suit the 
shape of the survey. It will generally be found best to 
commence by drawing the longest base line with the aid of 
a straight edge, or if the straight edge be of insufficient 
length and the paper free from buckle, a good substitute will 
be found in a thread blackened with a burnt cork and 
snapped when correctly stretched over the points, or the line 
may be determined by carefully puncturing the drawing paper 
in several places by marking fine needle points on the thread 
line and afterwards joining them, taking care when drawing 
the line through the needle points that at least half the 
length of the straight edge be applied to the portion already 
drawn as ^ bearing by which the additional length may be 
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accurately continued in a straight direction through the 
needle points. Proceeding in the same order as that 
followed in the field, the position of the stations A and C, at 
a distance of 3,274 links (see fig. i) apart, are then marked 
with a needle pointer (see fig. 14, pages 99-101) upon the 
line A C, and are temporarily indicated for future reference 
in the process of plotting by surrounding the station point 
with a small circle drawn in pencil, as shown at the points 
marked A and F in fig. 8 (pages 99-101). The position 
of the station at B is next determined by striking an arc 
from the station at A with a radius equal to 1,488 links, 
and then intersecting it with an arc having a radius equal to 
2,312 links struck from the station at C. (See pages 92-94.) 

Fig. 2 illustrates four different positions of arcs for the 
determination of station points from chain measurements, 
those at E and F being clearly defined, while those at G 
and H overlap one another to such an extent that it is 
difficult to accurately mark their exact point of intersection. 
The angle between the base lines should, as near as 
practicable, be not less than 60° or more than 90°. If the 
sides of the triangle ABC have been correctly measured 
in the field, and accurately plotted to scale, the tie line B D 
drawn from station B to 1,580 links upon the line A C 
should scale the length measured in the field, namely, 
10 chains 51 links. (See pages 92-94; see also page 4.) 
The straight edge when not in use should be hung up out 
of the sun or draughts of wind, both having an influence 
to render a wood straight edge imperfect. 

In this country, the inch being the unit of measurement by 
which the eye is accustomed to judge distances upon paper, 
it is usual to state the proportion of the plan to the ground 
as so many divisions to one inch, but in scales of chains, 
links are usually reckoned the unit of measurement. As 
the chain used in the field contains 100 links, plotting and 
offset scales are decimally divided. The subdivisions upon 
the edge of each scale read simply a certain number ot 
divisions to the inch marked upon the scale. Thus in the 
scales shown upon the line A C the mark 10 simply means 
that there are ten equal subdivisions to the inch. If, therefore, 
the scale to which the plan is to be plotted be a scale of one 
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chain to the inch, each subdivision upon the scale would 
represent ten links, and the unit lengths would have to be 
estimated by the eye. In some scales, divisions marked 
*'feet" are shown upon one edge, which is intended to give 
the equivalent in foot links corresponding with the scale of 
Gunter's links marked upon the opposite edge. Upon 
reference to fig. 3 it will be seen that a length of 3 Gunter's 
chains or 198 feet (3 x 66 feet) is nearly the same length 
upon the scale as 2 chains (200 feet) upon the edge marked 
"feet." If the chain used in the field be the loo-feet or 
any foot-divided chain, and the plan be plotted to a scale of 
feet, with the use of the scale of decimal equivalents to an 
inch, the divisions marked feet upon the opposite edge of 
the scale would be meaningless ; but if the chain used in 
the field be a chain of Gunter's links, and the plan be 
plotted to a scale of one chain to an inch, with the use of a 
scale containing ten or more divisions to the inch, then 
measurements scaled with the edge of the scale indicating 
feet, will give the equivalent length in foot links. Some- 
times it is useful to plot with a scale of " links " equal to a 
certain number of feet to an inch, when Gunter's chain has 
been employed in the field, and it is desired that the scale 
of the plan shall, for future reference, be an exact number 
of feet to I inch. (See pages 92-94.) 

Before attempting to plot the fences, let all the chain 
lines be first plotted, with their number, their length, and 
their angle (if taken) written against them in pencil for 
reference until the whole survey is completed, as it will 
save time, instead of having to frequently refer to the 
field-book ; and with this object in view, it is also well, 
when scaling long lines, to mark in pencil every ten chains 
upon the line. The thin edge of the straight ruler is the 
best for the pencil lines, and the thick edge for inking them 
in. All survey lines should be first inked in with light blue 
lines as being not too prominent a colour. Do not plot as 
a rule from pencil base lines. 

Fig. 4 (pages 92-94) shows the method oi graphically con- 
verting a given scale of feet to a required scale of Gunter's 
links, and also a given scale of Gunter's links to a required 
scale of feet. Two straight lines, C A and C B, intersecting 
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at C, are drawn at any angle apart. About 30° is a favour- 
able angle to fix upon. The scale of Gunter's links is applied 
to the line C A and its subdivisions are pointed off upon this 
line. From C as centre with C A as radius the distance C A 
is transferred to B. A line is then drawn from sixty-six 
divisions upon the scale of Gunter's links to the point B, 
and the line C B, representing the length of one hundred 
Gunter's links, is then subdivided into sixty-six equal parts 
representing 66 feet, by drawing lines parallel to E B from 
the subdivisions upon the line C A to the line C B. Thus 
a series of similar triangles is formed, and a scale of feet 
equivalent to the given scale of Gunter's links is arrived at. 
Conversely, to draw a scale of Gunter's links equivalent to a 
scale of foot links, sixty-six divisions upon the line D F are 
transferred to the line D G, which is then subdivided into 
one hundred parts by drawing lines parallel to a line joining 
the point G with the length of one hundred divisions from 
D, measured in the continuation of the line D F. 

There are three kinds of scales, those consisting of a line 
of divisions at equal distances apart upon the edge of a 
scale, diagonal scales, and vernier scales. Cardboard 
scales can not be maintained sufficiently accurate for 
plan work. Feather-edged scales of a flat section in 
boxwood or ivory are preferable to similar oval section 
scales. The latter, though easily tipped up and useful 
for taking single dimensions, lack the steadiness needed 
for the continued use of a plotting scale. A flat section 
offers the fullest amount of frictional resistance to slipping 
over the drawing paper, and its feather edge enables 
the divisional marks to come in close contact with a 
base line. There should never be two different scales 
upon the same plotting scale, as mistakes may thus be 
invited to occur, but the distinction between the chain and 
feet edge of the scale is sufficiently manifest to prevent error. 
The divisions upon the bevelled edge should read in one 
direction only, and the underside remain plain without 
marking of any sort, except perhaps the owner's name. 

In plotting a large plan, the very first thing to be done 
is to draw a scale upon the paper, because paper shrinks. 
The scale so drawn will then lengthen and shorten by 
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change of temperature in the same proportion as the plan 
itself, and consequently will give more reliable measure- 
ments than the scale taken fresh from a box. An inspection 
of Ordnance maps, as described on pages 124-126, shows 
that the scales have shrunk with the paper from their true 
proportion. (See Chapter XII.) Ordinary plotting scales 
are usually made of boxwood or ivory. Mr. W. F. 
Stanley, in his useful treatise on ** Mathematical Drawing 
Instruments,*' states that the boxwood most suitable 
for the purpose is rather small, live Turkey wood. It 
should be of a clear yellow colour and of dense waxy 
grain. Soft, inferior wood soon becomes dirty in use, 
and the divisions upon it appear woolly. The white, 
opaque ivory used is princip illy imported from the eastern 
coast of Africa and the Cape, and is preferred by many 
draughtsmen to the green ivory, which comes from the . 
western coast of Africa, being the least expensive, shrinks 
less, and has the advantage of showing divisions and figures 
much more clearly than the green ivory. It has, however 
(adds Mr. Stanley), one defect. It turns yellow after a few 
years' exposure. Green ivory is very transparent, of a dull, 
heavy colour ; it does not show the divisions very distinctly 
until it has been some years in wear, when it becomes of a 
pearly whiteness, which is unchangeable. Vulcanite is too 
much affected by changes of temperature to seive as a fit 
material for scales. 

In measuring a long line with a scale one foot in 
length, having decimal divisions, it is necessary to divide 
the length into sections, and the best method to adopt is 
to take 10 inches at a time, leaving 2 inches overlap of 
scale for accuracy of direction. Upon no account should 
the compasses be allowed to scratch and mark the scale 
when measuring any distance. Draw a border line and 
use this straight line upon the paper, or another thinper 
straight line outside the border line, to apply the scale, and 
mark off the required distance thereon with a needle 
pointer. Then extend the ordinary compasses or the beam 
compasses so as to transfer the required distance thus 
obtained to any required position, taking care to keep 
the legs of the compasses perpendicular to the line. The 
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triangles are first plotted, as recommended upon page 95, 
and then the details. Since it is advisable to avoid acute 
angles, the interior angles formed by the tie lines should in 
the field be measured from the apex to the base as near as 
possible at right angles to the base, and then when plotting 
these lines their intersection with the main base lines will be 
clear and defined. Where the angle to be determined 
is less than 30° or more than 150°, such tie lines are said to 
be ill-conditioned, and need to be connected by more than 
one tie line to ensure accuracy. 

The station points J^ are marked upon the paper by a 
needle point surrounded by a temporary circle in pencil 
for sake of clearness, thus, 0. It should be borne in mind 
that the surveyor uses the word point to express position 
only, without any reference to magnitude. 

Fig. 5 (pages 99-101) illustrates a good form of drawing 
table, having a slot or slots, as shown in the section, fig. 6, 
for the drawing-paper to slide into when the draughts- 
man leans against the outer rail in the process of 
plotting. The inner longitudinal rail can be supported 
to the drawing either by transverse pieces fixed at 
intervals or wedge-shaped pieces placed about two feet 
apart. The whole board rests on trestles, or is otherwise 
supported level at a convenient height from the floor. By 
the use of this precaution the drawing-paper is prevented 
from becoming creased v/hen plotting at the top of the 
plan, as it can be pulled through the slot, as indicated by 
the dotted line in fig. 6. Speaking generally, a drawing 
board is seldom usecj by the land surveyor. A large and 
perfectly level table, fitted as shown in figs. 5 and 6, 
pages 99-101, is more convenient. For small surveys, 
however, a drawing board may be useful, as it is easily 
twisted about, over a table to suit different directions of 
base lines when plotting the offsets. When called upon to 
supply engineering or architectural details, a drawing board 
and tee square become almost indispensable to a surveyor. 
Mr. W. F. Stanley, whose drawing boards excel those of 
most other makers, describes a good drawing board in his 
** Treatise " above referred to, as a very great desideratum 
to the draughtsman. "The qualities it is important 
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that it should possess are an equal surface, which should be 
slightly rounded from the edges to the centre, in order that 
the drawing paper when stretched upon it may present a 
solid surface, and that the edges should be perfectly straight 
and at right angles to each other. These qualities seem 
theoretically easy to obtain in a material so tractable as soft 
pine wood, of which drawing boards are generally made. 
Practically this is very difficult, as wood, however well • 
seasoned, is continually changing its form, rapidly absorbing 
moisture from the atmosphere, causing expansion of the 
fibre, and slowly contracting unequally as the moisture 
evaporates, and this with a force no simple means will 
resist. For these reasons the true principle of malcing a 
drawing board is that which will leave the wood free, so as 
to allow these changes to take place without materially 
affecting the surface or square of the board. This is nearly 
effected in a drawing board invented by the late elder Mr. 
Brunei. The front surface is quite plain. The construction 
is as follows : — The board is glued up to the required 
width, with the heart side of each piece of wood to the 
surface. A pair of dry hardwood ledges are screwed to the 
back side. These screws pass through the ledges in oblong 
slots, bushed with brass, which fit closely under the heads, 
and yet allow the screws to move freely when drawn by the 
contraction of the board. To give the ledges power to 
resist the tendency of the surface to warp, a series of 
grooves are sunk in, half the thickness of the board over 
the entire back. These grooves take the transverse strength 
out of the wood, and allow it to be controlled by the ledges, 
leaving at the same time the longitudinal strength of the 
wood nearly unimpaired." 

Oak and teak are undoubtedly the best woods for a small 
plane surface, but provide too hard a table for fastening 
drawing pins. Deal and other soft woods imbibe moisture 
quickly, and expand across the grain, so that the protection 
provided by the best made drawing boards is essential. 
With regard to the use of the ordinary instruments em- 
ployed for plotting in office drawing generally, the most 
advisable course for a student to adopt is to purchase a 
new case of instruments from some well-known reliable 
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makers, such as Messrs. Elliott Bros., or certain other 
makers, and he will find with a little practice, observing the 
essential rule for geometrical drawing, viz., to keep the 
drawing pen at right angles to the paper, that he will soon 
begin to ascertain their several uses and value. 

Facility in the construction of geometrical figures is 
given to a draughtsman by the use of what are known as 
Marquois scales, which are described and illustrated in 
Heather*s Treatise upon Mathematical Instruments, 14th 
edition. 

In the treatise upon mathematical drawing instruments 
by Mr. W. F. Stanley, will be found a description 
of various other instruments for producing ellipses, 
parabolas, hyperbolas, spiral lines, and different ornamental 
as well as geometrical figures. These instruments are 
exceedingly ingenious, and a study of their principles will 
suggest many useful hints to the student, but to possess 
them would not only occupy more space in an office than 
can usually be allotted for such storage, but would need the 
expenditure of more capital than their employment would 
justify. (See page 110.) 

For extensive plan«, machine-made papers should be 
avoided, as they distort under the influence of variation of 
temperature. Surveys may be plotted upon the best hand- 
made rough double elephant size drawing paper. The paper 
used for original plans should be mounted on cloth before the 
plotting is commenced, otherwise the mounting will alter 
its dimensions, and it should be well seasoned. Drawing 
paper mounted (hot pressed) upon brown holland can be 
obtained in a continuous roll to any size if ordered from 
a good map mounter or stationer. When once laid down 
to plot a plan, the portion cut off the roll for drawing upon 
should preferably not be again rolled up, but kept flat and 
covered over each evening after work, until the whole 
survey is completed and plotted. Mounted paper is thus 
found to be less affected by changes of temperature than 
that which has not been damped, and the effect of being 
hot pressed is to render the surface smooth, so that fine 
lines may be drawn thereon. 

For small plans showing any enlarged details a sheet of 
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Whatman's paper may be employed, mounted upon a 
drawing board in the following manner: lay the sheet of 
paper upon the board first, with the face uppermost, which 
is to be finally laid upon the board, and, therefore, the 
reverse of the surface which is to receive the pencil lines. 
Take care to observe that the surface of the board as well 
as its edges are perfectly clean. If the remnants of a 
previously mounted sheet remain upon the edges of the 
board, by a damp cloth over the pieces to be removed, and 
pass an ordinary laundress's flat iron, moderately heated, 
over the damp cloth, which will be found to sufficiently 
melt the glue to enable the paper thus attached to the 
board to be easily removed with a knife. Precaution 
should be taken that in so doing the board is not cut by 
the knife in applying its edge to remove the glued pieces. 
Afterwards wash the edges of the board with hot water, and 
when they are dry, lay the sheet of paper upon the board 
in the manner described above. Then damp the paper 
equally over by passing a wet clean sponge, not too full of 
water, but amply moist, first upon the edges about two 
inches all round, and then over the whole interior surface, 
after which, leave the paper in this condition for a little 
while, and look after the state of your glue. Add water 
as you will have found it has thickened by evaporation since 
the last operation, and it is necessary to apply the glue to 
the paper thin, hot and clean. By this time the paper will 
have soaked in its applied moisture and can then be turned 
over and set in its position upon the board. The edges 
of the paper are next turned up against a wood straight edge 
for about three-eighths of an inch and the liquid glue applied 
to the turned-up edges. These edges are then pressed by 
the fingers upon the board all round the paper, care being 
taken during the operation to stretch the paper as much as 
possible by pulling the glued edge so that it slides as 
much as required towards the edge of the drawing 
board. Attachment to the board may be assisted by 
rolling the smooth broad edge of the china cover to 
a cabinet nest of saucers of large size over the edge that 
is glued. Then finally damp the upper surface of the paper 
with the moist sponge all over, except the glued edge, and 
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leave the mounted paper to dry, when the contraction (if 
care has been taken to stretch the paper in mounting 
equally and sufficiently) should leave the surface quite flat 
and smooth. If after the paper lies perfectly smooth, the 
paper in the process of plotting appears to buckle up, 
owing to a damp atmosphere or variations of temperature, 
the board should be allowed to stand with its paper face 
opposite and near, but not close, to a fire, when it will again 
contract and lie smooth. After use, a draughtsman's glue- 
pot should be covered up, to keep the glue free from dust. 
Fresh glue needs to be soaked in cold water for about 
eight hours previous to use. For large plans the paper 
upon which a survey is to be plotted should never be 
strained on a drawing board, because when the drawing is 
cut off the board, and so relieved from strain, the paper 
will contract, and the plan will, perhaps, contract unequally 
in all directions. For rough purposes, such as trying the 
accuracy of base lines at an hotel in the country, or before 
plotting them upon the best paper, continuous cartridge 
paper is generally employed. Cartridge paper will not 
however bear the application of ink eraser or the use of 
pocket-knife to correct mistakes, and will not take 
colours or tints nicely; but for the above preliminary 
work, these excellencies are not required. 

Parchment and vellum are more durable than paper; 
hence we find them employed for old plans where the 
estates were supposed to be handed down to posterity with 
their main features unaltered. Vellum exceeds parchment 
in durability, and it may be necessary to remark that when 
either of these materials is used for copies of plans, the 
surface to be drawn upon must first be rubbed with clean 
flannel dipped in the best Paris whiting. This operation 
clears the surface from grease, and facilitates thereby the 
movements of the pen. 

In copying plans upon vellum or parchment, place the 
plan upon a sheet of glass with the parchment over it, so 
arranged as only to admit light through the glass under- 
neath, shutting out the light above by placing a board in 
front and also at the sides. A piece of thick clear glass 
should be used, inclined at an angle in the same way as a 
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reading or music desk. Then every line will appear as 
distinct as through a sheet of tracing paper. Tracings for 
the patent office are made on parchment in this way, on 
paper 2^^" x 21 J", without tints or washes, these being the 
outside dimensions, so as to permit of i|" margin outside 
a border line 26 J" x 18 J''. Plans of greater extent cannot 
Ite conveniently copied by this method. 

The experienced surveyor will always decide to try his lines 
upon paper as the work progresses, so that in the event of 
any error in the lines of construction being committed in 
the field, the circumstances attending the measurement will 
be fresh in his memory, and he will be enabled to rectify it 
with less trouble than if delayed. In an extensive survey 
the base lines measured each day should be laid down and 
proved at night, that any error which may have occurred 
may be at once corrected before the work proceeds further. 
Some might, perhaps, at first sight deem this tedious and 
superfluous, but the satisfaction given to a surveyor 
when his lines meet correctly fully repays for the additional 
labour. 

The best form of beam and compasses for plotting long 
base lines from chain measurements only, is shown in fig. 
12, pages 99-101, the top table forming the letter T, giving 
lateral rigidity to the beam, to avoid buckling. When only a 
straight edge is used to hold the beam compasses for a long 
measurement, it is apt to become bent horizontally while 
striking in the arcs, and the length of the radius is thereby 
shortened. To prevent the clamping-screw making an 
impression on the straight edge, which is used as a radius, 
it is constructed to work against a plate guided by two 
steady pins. Fig. 13 shows two other forms of beams, one 
of a triangular shape, and the other of a tubular shape, 
the latter with a universal centre-piece marked L, the top 
of which fixes into one of the boxes in place of the points 
E or F. The tube between M and N slides within the tube 
between K and M, and the tube holding B slides within the 
centre tube from M to N. Clamping-screws marked K, 
M, N, are provided for fixing the tubes in position at the 
required distance. (See pages 99-101.) 

Tubular beam compasses possess the advantage of 
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portability, and though steadier in their action than when 
the ordinary beam compasses (fig. 12) are employed, 
working upon a thin straight edge of flat section, they are 
not so steady as the ordinary beam compasses attached to a 
T-shaped beam. Moreover, the stand upon which the 
instrument is mounted, by concealing the centre from which 
the circle is to be drawn, is likely to lead to inaccuracy, and 
is not therefore so satisfactory as when a plain horn centre 
is employed for the fixed point of the beam compass to 
turn upon. 

In the illustration *' Plotting a Plan " (pages 92-94) the 
plotting scale appears placed at about 80 links from the 
station A, upon the line A C, in order that the intersection 
of the arcs at A when struck from the stations B and C 
respectively, may appear clear in the diagram. The arcs 
are drawn with the pencil leg of the beam compass and 
their intersection marked with a needle pointer. When ink- 
ing in a base line it must be remembered that although it is 
impossible to represent any measure, which mathematically 
fulfils Euclid's definition of a line, as that which has length 
without breadth, yet we should practically so regard a base- 
line, and hence should draw the line upon the paper as fine 
as possible, the steel drawing pen being held upright. 
Base lines intersect at stations, which are each represented 
by a point to indicate position only, and this should be so 
clearly defined as to be practically without length, breadth 
or thickness, and determinable only by means of measure- 
ment from other station points as shown in the diagram. 

It is impossible to make a correct plan if any of the base 
lines are plotted too thick or in any way crooked. Hence 
the long flat rulers intended solely for this purpose are 
termed "straight edges," and their accuracy should be 
tested before use. This may be effected by first ruling a line, 
and then reversing the straight edge end for end, in order to 
see if the same edge coincides with the pencil line pre- 
viously drawn, or by placing two straight edges close 
together and observing if their edges coincide both before 
and after one of them is reversed end for end when placed 
in contact. The author uses a steel straight edge, and has 
in his office a long vertical box, 7 ft. x i ft., lined with 
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baize, a coarse kind of open cloth, to keep the sleel free 
from rust. This box is screwed to the side of an office 
bookcase, and is air-tight. Steel straight edges are more 
to be rehed upon than wooden ones, even when an ebony 
edge is attached to the latter. In plotting, a flat ivory or 
boxwood scale is laid upon the paper exactly parallel (see 
fig. i) to the base line, and is kept in position by flat weights 
resting upon its outer edge, A short rectangular flat scale 
rests upon its inner edge from which to measure the offsets. 
These offsets are marked on the paper by pricking with a 
needle point (see fig. 14, p. loi) opposite the proper gradu- 
ations on one of its edges, the chain distances at which, they 
are measured on the base line being taken off the long scale. 
Care must be taken that the edges of the offset scale are 
truly perpendicular to each other, and that the zero on the 
offset scale slides exactly over the base line. The advantage 
of using a split offset scale, or one with zero in the centre, 
is explained in fig. i. Melal weights require covering, 
either of baize or leather, otherwise they cover the drawing 
with marks which cannot easily be removed (see pages 92-94). 



Verner's Wrist Plane Table (or Cavalry Field Sketching 
Board) — 7J in, x 5 in., with patent rollers, and strap to 
fasten on wrist, scale of i in., 4 in,, and 6 in. = 1 mile in 
yards ; normal scale of H, E. for 20 ft. at 6 in. = 1 mile ; 
self-clamping Clinometer and i-in. bar needle Compass, 
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with direction line, and divided each lo deg. on ring 
complete with ruler and rubber bands, is a useful help i 
military surveying. 



Enclosures are frequently covered with parallel lines 
in light ink by a process termed hatching. To assist 
in drawing these lines, an ingenious arrangement 
suggested by Harden, consisting of a set square and 
straight edge, has been employed, connected together in a 
special manner. The distance is adjusted by stops, one 
formed by the stud on the scale plate fitting the slot in the 
set square, the other is a projection on the straight edge, the 
distance between the two being regulated by the scale plate. 
The straight edge and set square are moved alternately, 
each guided by the other, drawing a line at each alternate 
movement. The practical draughtsman would, however, pre- 
fer to estimate his own distances, ruling in the parallel 
section lines off the edge of one set square which slides 
along the edge of another set square, the latter being main- 
tained (irmly in a set position. In the application of 
Harden 's method to cyHndrical shading the straight 
edge has a projecting arm working between a stationary 
stud and an eccentric stop as part of the set square. 
The eccentric and scale govern the distance between 
the lines drawn, limiting the motion of the arm 
between the stops. The eccentric is revolved equal dig- 
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tances according to the scale of degrees, this giving an in- 
creasing distance between the lines drawn. 

Corey and Barczinsky's Technical Drawing Apparatus con- 
sists of a T square (42 inch or 32 inch) with two stocks, one of 
which is fixed, and the other movable. The blade of the 
T square has two inverted T grooves, in which slides the dial. 
This dial which is made of brass is graduated into half- 
degrees, and is fitted with an indicator and arm, or ruler, 
also of iDrass (these latter in one piece, and so arranged that 
when the indicator shows a certain angle, the ruler forms 
that angle with a perpendicular to the edge of the T square), 
at the important angles, viz. : 30°, 45°, 60°, 67 J° and 90°. 
There are special divisions near the edge into which a small 
knife fitted to the indicator drops and fixes it firmly, the 
degrees being read through an aperture in the end of the 
indicator. A small screw lifts the knife out of the division 
when the angle is wanted to be altered This instrument is 
a combination of T square, set square of all angles, and 
protractor ; and besides doing the work of each and all of 
these, it will divide circles or parts of circles into any number 
of equal parts without calculation. The instrument can be 
applied to the drawing board by loosening the movable 
stock, pressing it tightly to the edges of the board and 
screwing up, when it will travel easily up and down, and thus 
all horizontal lines are made. The dial slides from side to 
side in its grooves, and therefore by these two movements 
it may be placed in any position on the surface of the 
board, consequently lines either vertical, horizontal, or at 
any angle, may be drawn. To use the instrument as a set 
square of any of the common angles such as 30°, 45°, 60°, 
67!° and 90°, the knife is raised out of the divisions on the 
edge by the small screw, and the indicator is moved over the 
dial until the angle required is seen through the aperture ; 
then by releasing the screw, the indicator will be fixed at that 
degree. 

Such instruments display skill in their construction, but 
are seldom near to hand in an office when required as they 
are seldom used, and the remarks made upon page 103 
apply thereto. 
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CHAPTER XI. 

COMPLETING AN ESTATE PLAN. 

The accompanying specimens of typographical hieroglyphics 
may serve to guide the student as regards conventional 
signs. (See pages 114-119.) The writing upon a plan 
should be disposed in parallel directions reading from west 
to east, or south to north, with the exception of the names 
of rivers, canals, chains of mountains, etc., which should be 
adapted to their natural sinuosities. Dotting pens, or pens 
fitted with wheels for drawing in lines representing boun- 
daries that may be walked over, do not work sufficiently 
regular in their action to produce neat work. With practice, 
the draughtsman can speedily draw a dotted line neatly. 

Major E. R. James, R.E., in his remarks upon hill 
sketching, published in "Ordnance Maps: the Methods 
and Processes Adopted for their Production," states that, 
**to give pictorial effect and softness of expression to a 
sketch, the penmanship requires skill in various minor 
points, which can be acquired by practice only. These 
are the graduation in the thickness of the stroke in the 
expression of slopes of gradually varying altitude; the 
evenness or raggedness of the edges of the strokes ; and 
the manner of disposing the breaks between the ends of 
the touches. The latter point especially requires great 
attention, and the breaks between strokes should never 
form continuous white lines, which attract the eye. Again, 
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if the Strokes be long and even and the curves gradual, the 
ground represented is of a smooth surface ; if the contrary, 
of a rough surface. Rocky features being expressed by 
vertical strokes, the roughness of appearance is materially 
aided by their introduction. The light is supposed to fall 
vertically, that is, slopes of like altitude and inclination 
are similarly expressed, whatever may be their compass 
bearings." 

In order that colour may flow easily, and cover a surface 
evenly, it is necessary that it should be thin for tinting, as 
the draughtsman must remember he has not to paint. It 
is always easy to wash it over again if it is not dark enough, 
but it is very difficult to wash off the colour if it be too 
dark. 

Wherever it is possible, use a large brush in preference 
to a smaller one, as you will by this means be more likely 
to succeed in getting a flat wash, whilst a small brush might 
make the tint lie in streaks, as it will not complete the 
surface to be tinted with sufficient rapidity to obtain a 
flat wash. Care is, however, necessary in using a large 
brush, so that you may not pass over the outlines. Take 
care to prepare an ample quantity of the correct tint, and 
when you have rubbed as much colour as you think you are 
likely to want, do not at once put the cake back into its 
place in the box, but stand it on one of its edges so as to 
allow it to dry, otherwise it will stick to the box. 

Blue, red, and yellow are called the three primary colours. 
When two primaries are mixed they produce a secondary 
colour. Thus : — 

Primaries. Secondary. 

Yellow and Red produce Orange. 
Yellow and Blue „ Green. 

Red and Blue „ Purple. 

When you wish to mix a secondary colour, such as green, 
from the two primaries blue and yellow, rub the blue in one 
division of the slab, and the yellow in another, leaving a 
space between them. Then, with your brush, mix the two 
colours in this vacant- space ; but on no account rub either 
of the cakes in the colour obtained from the other, as this 
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would leave the end soaked in another tint, and when you 
use it again you would find the colour would be impure. 
Of course, these remarks apply to the mixing of any two 
colours. 

The following is a conventional list of the colours 
used by most surveyors to express the various substances 
usually to be dealt with in the completion of the Plan of an 
Estate : — 



Material. 
Brickwork to be executed I 
(in the plans and sections) j 



Brickwork in Elevations 



■1 



The lighter Woods —such 1 

as Fir J 

Oak or Teak . 
Granite . . 



Stone generally 

Concrete Works 
Wrought Iron 

Cast Iron . . 



Steel 
Brass 
Lead 



Clay or Earth 
Slate . . . 



{ 
{ 

{ 



Colour. 

Crimson Lake. 

Crimson Lake mixed with 
Burnt Sienna or Vene- 
tian Red. 

Raw Sienna. 

Vandyke Brown. 
Pale Indian Ink. 
Yellow Ochre, or Pale 

Sepia. 
Sepia with dark markings. 
Indigo. 
Payne's Grey or Neutral 

Tint. 
Pale Indigo tinged with 

Lake. 
Gamboge. 
Pale Indian Ink tinged 

with Indigo. 
Burnt Umber. 
Indigo and Lake. 



To mix Indian ink, place a small quantity of clean water 
in a clean saucer, rub the ink round, holding the stick 
vertical, and as soon as the bottom of the saucer is made 
visible by the stick of ink passing over it, add a little more 
water and stir round. 

When inking in a plan, it will be found that breathing 
between the nibs of a clean pen before immersing it in the 
ink is preferable to the employment of a camel hair brush 
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for filling the pen. Care must be taken to wipe the outside 
edges of the pen, so as to prevent the ink flowing upon the 
edge of the instrument against which the lines are drawn. 
A folded piece of clean blotting paper is the best for this 
purpose, and better than an office duster, which in a for* 
getful moment might transfer the moist ink to the drawing 
paper. The blotting paper absorbs the ink quicker than a 
cloth, and hairs are apt to get into the ink of the pen, as is 
often the case when a fluffy cloth is used. A feather-edged 
scale should not be employed as a ruler, as the edge is not 
thick enough to prevent the ink escaping upon it, and so 
smudging the drawing, unless the scale is turned down 
upon its face with its broad side uppermost. Common ink 
ought never to be used in planning, because it sinks too 
deep into the paper, and in process of time becomes dis- 
coloured. 

To finish a drawing with Indian ink alone, so as to 
delineate all the outlines and deep shading, needs good 
draughtsmanship and takes time. Some surveyors prefer 
to make free use of various tints, employing a light 
green for pasture, meadows, bogs, morasses, trees, &c , with 
Prussian blue for giving dark shades to the sides of rivers 
and the sea shore, a little yellow mixed with a little lake 
colour for shading roads, and tints of umber and burnt 
sienna for different shades of brown. Weak Indian ink 
answers for the first tints to delineate hills, taking care to 
wash the top and bottom off with clear water and a clean 
brush, to soften the edge before it has time to dry. A little 
Prussian blue, judiciously mixed with the Indian ink, con- 
tributes a good effect. If the hills are very steep, add 
another tint or two, and shade them according to the steep- 
ness, never neglecting to soften off the edges while wet with 
a clean brush and clear water, and always allowing each 
coat to dry before another is applied. Rocks may be 
tinted resembling the colour of the stone by shades, and 
made to appear rugged. To indicate morasses, use a fine 
pointed camel hair brush with light Indian ink, and draw 
with the hand short horizontal lines, fairly close to one 
another, some long and some short To represent gravel, 
mix light Indian ink applied to a tooth brush, and by th^ 
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aid of the edge of an old scale, slightly touch the hairs and 
thus spirt it over the part of the plan required, having first 
cut out a piece of tracing paper the form of the area to be 
delineated, in order to cover the adjacent parts of the plan 
and protect them from becoming marked. Rushes and 
reeds, &c., can then be inserted with a pen and the whole 
shaded with a pale green, tending to a blue tint. Finally 
touch up with a strong green and shade off towards the 
right hand of the plan with lighter green. Meadows are 
shown with long and short dark strokes and washed over 
with light green tending to a yellow tint. Pastures have 
shorter dark strokes, some sloping, some upright, and not 
exceeding the 50th part of an inch, run over with horizontal 
shades of Indian ink and washed when dry with a green 
tint somewhat darker than the meadows. Houses, slept in, 
are tinted with carmine and lake, outhouses with moderately 
light Indian ink, except glass enclosures, which are tinted a 
light blue. For trees and hedges we may employ Indian 
ink and yellow and indigo. Trees are indicated by a 
vertical stem, with a horizontal shade at the base, made 
widened out at the top, and shaded either with the pen 
upon the right or east side or with a touch of light Indian 
ink and tinted green on the left or west side. If the trees 
are numerous, variety may be introduced by touching up 
the west side of some of the trees with a little brown, others 
with a little yellow, instead of green universally. Ploughed 
lands are represented by drawing narrow parallel lines repre- 
senting the furrows. Cornfields need to be done neatly to 
produce a good appearance. Parallel lines at approximately 
equal distances are drawn with a drawing pen by hand, in 
weak Indian ink or with the colour selected to shade the 
field, for representing the ridges. Then with an approved 
colour, say yellow, run down the ridges, softening off the 
edge as before with clear water and a clean brush. In the 
case of adjoining fields the tints may be varied between 
light brown and yellow. Sands may be shown with a series 
of small dots made with a writing pen, and when dry, first 
washed over with clear water and immediately dried with a 
clean sheet of blotting paper to remove the surplus ink, and 
then tinted Qver with ^ little weak carmine and gamboge or 
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a coat of light burnt sienna. Rivers, lakes, and the sea 
shore are shaded by tinting round the edges on both sides 
with fairly strong liquid Prussian blue, which is softened off 
with a hair pencil, which should never be put in the mouth, 
but moistened with clean water and passed over blotting 
paper by twisting round thereon, in order to obtain a fine 
point and to remove surplus moisture. Broader belts of 
lighter blue are applied towards the middle of the river. 
(See page 138.) Gardens are tinted brighter or darker 
green than fields or grass. (See pages 114- 119.) 

Proficiency in tinting plans can only be acquired by 
practice and by observation of an experienced draughtsman 
at work. Great care must be taken in delineating the 
various ravines and brows of hills, and also not to labour 
the hills too much, as ihe best effects are obtained by a few 
successful touches, as it' must be carefully borne in mind 
that a surveyor's plan should never be coloured, but tinted. 
In making the enlarged plan of a building, the name of 
every room, office, yard, etc., should be stated either within 
the rooms themselves, or referred to in the margin of the 
plan by letters. The doorways may be shown by leaving 
the space they occupy in a wall untinted or not hatched 
by oblique lines, the window sills represented in the same 
way, the chimney bottoms or fireplaces denoted by making 
the inside of the wall to project into the room at right 
angles, and the steps of the staircase exhibited by parallel 
lines, or radial lines for a winding staircase, in either case 
drawn at proper distances apart and numbered from the 
lower landing or floor. The inside of the rooms may be 
left white or tinted at the option of the draughtsman. 

Land surveying implying the measurement of everything 
occupying the surface of the ground, it is clearly incon- 
sistent to show an archway upon a plan as a block building, 
notwithstanding that the building above the arch may form 
part of the same house as exists upon one or both sides of 
the archway, and inasmuch as it is incorrect to show super- 
structures upon a map or ground plan which do not actually 
rest or bear on the ground, it is equally wrong to show any 
underground work by a firm line. Underground works 
and portions of superstructures \vhich have free openings 
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between them and the ground, should be delineated on the 
plan by finely dotted lines. Also the edge of a footpath is 
shown dotted because there is no obstruction in such 
boundary. It can be walked over. 

It is recommended to add the following note to a building 
plan of a new estate, thus : — 

Building Plan 
of 



The property of the 

Designed by 

Note. — This plan is designed to show the general position 
of the sites of the houses and villa plots, and is subject 
to such variation as may be found desirable. 

The Surveyor must take care that the north point and 
the scale of the Plan are both neatly and correctly drawn 
in suitable positions upon the Plan. If a chain of 66 feet 
(loo links) has been employed for the survey, it is well to 
add an equivalent scale in feet, as shown in figure i, 
pages 93,94. The scale adopted for the Ordnance survey 
are indicated (full page) upon pages 124-126. 
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CHAPTER XII. 

ORDNANCE MAPS 

A TRIGONOMETRICAL survey of ihe United Kingdom was 
commenced in the year 1784, by General Roy, in the 
measurement of a base line upon Hounslow Heath. The 
base was intended at the time mainly for astronomical 
purposes, and was measured thrice — viz. (i) by cased glass 
tubing, (2) by thoroughly seasoned deal rods in 20 ft. 
lengths, cut out of an old Riga mast and trussed, (3) by a 
100 ft. coffered steel chain, specially made by Ramsden. 
The three measurements tallied with the result of subse- 
quent re-measurement very closely. While the line was 
over five miles in length, the greatest difference in any of 
the admeasurements in 1791 was under six inches. It was 
in that year (1791) that the Government determined upon 
the construction and publication of a military map ot the 
United Kingdom, on the scale of one inch to a mile, but it 
was not until 1797 that the design of a general map 
founded on a minute survey was first conceived. In 1794 
a base line of verification nearly seven miles long had been 
measured upon Salisbury Plain with a steel chain, and in 
1798 another base line of verification was measured at 
Sedgemoor, in Somersetshire, a trifle under 5 J miles long, 
the triangulation being meanwhile extended throughout the 
country traversed, by means of which about 250 main 
points, situated in various places, were trigonometrically 
determined with great accuracy. By 1824 the whole south 
of England and parts of Wales and Scotland had been 
surveyed. At the time of the death of Colonel Mudge, 
under whose direction the first sheet had been published in 
1 80 1, it became necessary to appoint a successor. This 
occurred in 1820, when Captain, afterwards Major-General 
Qolby^ who had. hitherto ^ssi^ted, was then appointed to 
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direct the survey, and from that year (1820) gave his whole 
energies to geodesy and topography. He introduced com- 
pensation bars, 10 ft. long, formed of iron and brass, 
combined in such a manner that the distance between two 
fine dots, upon steel tongues connecting them at their 
extremities, was calculated to remain constant at all tem- 
peratures. In connection with two principal base lines of 
the triangulation, situated, one at Salisbury Plain, and the 
other on the border of Lough Foyle, the bars were laid 
perfectly horizontal, and in a perfectly straight line, by the 
aid of levels and a directing telescope. In order to avoid 
the disturbance of a bar when once in position, the next, 
instead of being brought into contact with it, was placed so 
as to leave a space of six inches between their ends, this 
interval being measured with a double microscope, the two 
foci of which were kept at all times exactly six inches 
apart by means of a compensating apparatus constructed 
upon a similar principle to the bars themselves. Colby 
directed the survey until his retirement in 1846, and both 
before and after this date, its progress has mainly depended 
on the sums voted by Parliament for its execution. Thus 
in 1824, when the Government decided that the general 
valuation of the land of Ireland should be based upon an 
accurate map, the survey in Great Britain became practi- 
cally suspended. For the purpose of valuation the scale of 
an inch to a mile was obviously much too small, and a 
ground plan to a scale of six inches to one mile was there- . 
fore adopted, which was almost completed in 1840, when it 
was decided to adopt the same scale for the unsurveyed 
parts of Great Britain. The one inch map was not aban- 
doned, but instead of being obtained by a special survey, it 
was now produced by reduction from the six inch sheets. 
The addition of contours to the six inch map provided accu- 
rate data upon which to base the shaded delineation of hills 
upon the one inch map. Horizontal lines, or rather lines of 
equal level, were actually traced with the levelling instruments 
at vertical intervals of 100 ft, subsidiary contour lines at 
vertical intervals of 25 feet being sketched by the surveyor 
on the ground. The scale of 3 chains (198 feet) to i inch, 
upon which most of thq tithe maps were drawn, or -^j-^y 
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proved itself more useful, where applicable for the various 
kinds of local administration, than the scale of 6 inches to 
I mile, or toT6o» ^^^ ^^^^^ ^^^ vendors and purchasers and 
others interested in the uses of valuation for public and 
private purposes to agitate in favour of a scale not too 
minute to be employed in the conveyance at least of 
agricultural land. The battle of the scales culminated in 
the International Congress, held at Brussels in 1853, when 
the scale of ^sVo was agreed to be adopted for cadastral* 
purposes, that having been the scale sanctioned by 
Napoleon I. for the cadastral survey of France, and 
recommending itself to Britishers as practically giving one 
square inch to the acre. As a matter of fact, a square of 
1*0018 inches in the side contains an acre, but when the 
shrinkage of the map is considered the above-mentioned 
ratio of an acre to the square inch of paper is approximately 
correct. This decision involved a new survey to a scale of 
25*344 inches to a mile for the cultivated districts, and the 
sheets on this scale were henceforth used for the construc- 
tion of both the smaller scales. This change also resulted 
in omitting contour lines from the (so-called) 25 inch map 
and adding them at 100 feet intervals to the map reduced 
therefrom to form the 6 inch map. For the triangular 
connection between England and the Continent, a repeating 
circle of Borda's make, about 1 2 inches in diameter, was 
used on the French coast, and a Ramsden 3 feet theodolite 
upon the south coast of England. 

The designation Ordnance Survey is due to the fact that 
at first the directors of the survey were responsible to the 
Honourable Board of Ordnance, the control passing in 1855 
to the War Office, and in 1870 to H. M. Office of Works. 
The Ordnance Survey is now a branch of the Board of 
Agriculture. 

The various changes made in the work of the survey 
down to the present time have resulted in a programme 
which embraces the production of five sets of maps. Plans 
on a scale of 10*56 feet (126*72 inches) to the mile, or 

* " Cadastral " (French, "cadrer" to square or correspond with ; Latin, "caput " 
a head) implies the ai>pUcation of assessment or revenue to the areas computed 
from the survey to which this designation is applied. 
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-g^ (41*66 feet to the inch, or i"584 inch to one chain) of 
all towns with more than 4,000 inhabitants. These are 
sufficiently large to indicate detail down to the size of a 
doorstep and an area grating. This scale was determined 
upon in 1855 as being lineally five times that selected for 
cadastral purposes, but for London and its environs five feet 
or 60 inches to the mile was retained (yoV^)- Each town 
is provided with an index or key map, so that the town 
sheets may be readily selected in purchasing maps. The 
illustration on pages 124-126 shows the Ordnance map scales, 
furnished with a scale of chains in links. In scaling distances 
upon any printed map it is well to use the actual scale 
drawn on that map. For Ordnance maps, shrunk scales can 
be obtained, which are made either in boxwood or ivory. 
The shrinkage is stated by Mr. W. F. Stanley, the instrument 
maker, to be about one-seventh of an inch to the foot run. 
The junctions between Ordnance sheets follow the cardinal 
points of the compass, and the distances between the 
parallel lines north and south, east and west, for the sake 
of comparison, are indicated upon a diagram given on 
pages 132, 133, which show the manner in which Ordnance 
maps are numbered. Parish maps on the scale of 
25*344 inches to the mile are arranged by counties. The 
quantity of ground shown in a parish sheet is the sixteenth 
part of the quantity of ground included in a county map, or 
one-sixteenth of twenty-four square miles; that is ij square 
miles or 960 acres. Indexes to the plans of the parishes 
are bound up in the area books, by which the number of 
the sheets, including any particular locality, may be seen, 
Each enclosure is distinguished by a number referring to a 
tabular index, which gives its description and its acreage in 
the area book. 

County sheets give convenient sized maps of 3 feet by 
2 feet representing 6 miles by 4 miles, and containing 
15,360 acres. Indexes are published on scales of 2, 3, 
or 4 miles to the inch, and from these the relative positions of 
the I inch, the 6 inch maps, and of such quarter sheets of 
the 6 inch maps as are published, together with the sheets of 
agVp scale may be identified. (See diagram, pages 132, 133.) 

The maps to the scal^ of i inch XQ a statute mil^ foroj 
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a general map to a scale of ^^^^oo, useful for topographical 
purposes. No fences are shown on this map. The width 
of the roads and size of the houses are greatly exaggerated 
for the sake of clearness. Four kinds of roads are indicated, 
(i) metalled roads between towns, (2) roads metalled and 
roads in good repair between a town and a village, 
also between a village and a village, as well as im- 
portant cross roads from one town road to another, 
(3) minor roads, blind roads, carriage drives through 
ornamental grounds, and well-made roads in good repair 
to important farms, (4) bridle roads, being not mere cart 
tracks, are marked with the initials B.R. The maps 
present a correct picture, exhibiting contemporary distribu- 
tion and general direction of boundaries. 

There are two series, known as the old series and the 
new series. All the counties in England and Wales, 
except the four northern counties and the northern 
halves of Yorkshire and Lancashire, have been published 
in outline with the hills shown by vertical hachures 
and sold in sheets and quarter sheets. Sheets of this 
series coloured geologically are also issued. Indexes 
can be obtained to scales of 10-30 and 50 miles to one 
inch, showing the number and position of the sheets, but 
the large scale of 10 miles to the inch is the most useful, as 
it also furnishes the name of every parish and town. The 
sheets of the new series are putlished either hill shaded or 
with the form of the ground delineated from contour lines. 
The details shown on these maps are the same in both 
cases. The size of the sheets is 18 in. x 12 in., representing 
an area of 216 square miles. (See pages 132, 133.) 

The parish maps being reduced by photography for 
the foundation of a county map, the one inch maps 
are mainly reduced therefrom by the pentagraph. The 
town map of -g^ is similarly reduced to ^ &o 6 ^^^ 
representing the towns upon parish maps previous to 
transfer to zinc plates for publication. The county maps 
on the six inch scale down to the year 1882 were all 
engraved on copper, but since that date they have been 
mostly published by photo-zincography. The process of 
photo-zincography combines the accuracy of photography 
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with the facility of printing from zinc plates. A lithographic 
stone is not only more costly than a zinc plate of equal 
surface, but the former, about 4 J in. thick, could not be 
lifted about by one man, while the latter, being only about 
y'^ in. thick, can have its surface satisfactorily prepared for 
the process, and is less liable to fracture. Parish and town 
maps are therefore now prepared by zincography. A 
parish map, reduced by photography for the six inch 
sheets, has subsequently contours added at stated vertical 
intervals; also the degrees, minutes, and seconds of 
latitude and longitude are marked upon the margin, by 
which means the geographical position is determined. The 
one inch map is reduced from a blue print of a six inch 
map, in which all that is to appear is inked in with black 
ink, and is thus taken from a larger scale map and trans- 
ferred to a copper plate, the hill features, and names, &c., 
being subsequently added to the one inch map. 

A series of one inch maps in colour printed from stone is 
also in progress of execution, showing the general details in 
black, the water in blue, hills in brown, contours in red, and 
the roads in brown. The sheets already published include 
the southern and south-eastern portion of England. An 
edition of the one inch map of Scotland, showing the 
outlines and contours in black and the hills in brown, is 
also in course of publication by lithography. 

It must be remembered that Ordnance maps indicate 
objects only, and leave their interpretation to owners, and 
to the judgment of their surveyors. The maps show the 
fences as they exist upon the ground. They take the centre 
of the hedge or fence without regard to the boundary of a 
properly. The estate boundary to which the hedge belongs 
may be 3 ft. or 4 ft., more or less, according to the custom 
prevailing in the county, upon one side of such hedge. 
There is no regulation universally applicable thereto. An 
owner may have a ditch and hedge as wide as he likes, 
provided he keeps within his own boundary and does not 
encroach. (See pages 21, 22.) 

All the maps are drawn upon one system, the same 
symbols being uniformly employed throughout, and in order 
that reference to the maps may be made more easy and 
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intelligible, boundaries are marked by clearly defined 
strokes and dots, and territorial demarcations by charac- 
teristic styles of writing for the names, which render them 
plainly distinguishable. A table of comparative charac- 
teristics and symbols in use on the six inch and -arVo scales 
is given (pages 135-137), but of course upon a plan the thick- 
nesses are drawn less than that shown upon this illustratipn. 

Double lines of railway are shown on the six inch maps 
by parallel lines with cross strokes. Single lines of railway 
on the six inch scale are represented by a single line with 
strokes crossing it ; on the ^^Vo scale both lines are shown. 

All first class public roads are shown by the east and 
south sides from the light being shaded. Occupation or 
private roads are not shaded. Rivers are marked by the 
side next the light being shaded, upon the west and north 
sides. The light is conventionally supposed to enter a 
plan from the north-west corner. Canals are distinguished 
from roads by the parallelism of the sides, by the locks and 
bridges, and by having the side next the light shaded like 
rivers. 

In dealing with the enclosures, braces ^y^ on the plians 
indicate that the spaces so braced are included under the 
same reference number. Arrows »— ► along streams show 
the direction of the flow of water. When a change occurs 
in the boundaries, the symbol ^f is used to show the 
point at which the change takes place, as the boundary may 
change in character. 

Sites of antiquities are shown by the symbol •^ and to 
show the periods, the names of such are written thus :— 

ROMAN — prebisftoric or ^ajron — TTorman 

or Subsequent. 

Altitudes are given in feet above the Approximate Mean 
Water at Liverpool. Those indicated thus — ^ B.U^ 5 '4-7 
refer to marks made on buildings, walls, &c., and are called 
Bench Marks. The use of the very appropriate barbed 
head or broad arrow "a" as the Ordnance mark for levels 
upon walls and buildings is thought by some to have 
originated in its having been the crest of a former Master 
General of the Ordnance {Notes and Queries^ Dec, 1872). 
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In a book published by Messrs. Stanford, of Charing 
Cross, entitled " Ordnance Maps : Methods and Processes 
Adopted for their Production," the Ordnance datum 
employed for the operation of levelling is thus described : — 
"The datum plane for Great Britain was determined in 
March, 1844, and is the height of the mean tide at 
Liverpool, according to the observations made at that time ; 
this height has however since been proved to be o*o68 of a 
foot above the local mean level by calculations based on 
the mean of the recorded observations of four successive 
years, made with the self-registering tidal guage at St. 
George's Pier, Liverpool. 

" The datum plane for Ireland passes through a point, 
fixed on the 8th April, 1837, on Poolbeg Lighthouse, 
Dublin Bay, at low water mark of spring tides. 

"The adoption of mean water as a datum level for 
England in preference to low-water mark resulted from a 
series of tidal observations instituted round the coast of 
Ireland, in 1842, by the late Major-General Colby, which' 
clearly showed that mean water is more nearly on a uniform 
level than low-water spring tides, and is consequently 
better adapted for a plane of reference for the altitudes of a 
general survey. As from the irregular conformation of the 
coast line, the local mean level of the sea varies consider- 
ably, the general mean for England was obtained by tidal 
observations made at thirty-two different stations, and for 
Scotland by observations at eighteen stations, in a similar 
manner to th(5se previously made at Liverpool. By 
connecting the mean found at each station with the levelling 
it was found that the relation of the local to the general 
mean varies iu England from minus 1*283 ^^^^ to plus 
1*850 feet, and that the general mean level of the sea is 
0-650 of a foot above the assumed mean level at Liverpool, 
which is the Ordnance datum." 

Another bench mark employed, which is recognised in 
the Thames Valley, is known as Trinity high water. This 
is the level of the lower edge of a stone fixed in the face 
of the river wall upon the east side of the Hermitage 
entrance to the London Docks. No permanent mark is 
at present fixed to denote Ordnance datum, but Trinity 



ORDNANCE MAPS. I40 

high water (T.H.W.) line is taken as 12*48 feet above 
Ordnance datum. Colonel Sir Henry James, while director 
of the Ordnance Survey in 186 1, published a book, entitled, 
" Abstract of Levelling in England and Wales," in which 
he states, " the datum level for Great Britain is the level of 
mean tide at Liverpool, as determined by our own observa- 
tions, and it is eight-tenths of an inch above the mean tidal 
level obtained from the records of the self-registering tide 
gauge on St. George's Pier, Liverpool." Ordnance datum 
is thus seen to be an arbitrary level, obtained as above 
explained, the general mean tidal level of the sea round 
the coast of England being somewhat higher than the 
mean sea level at Liverpool assumed by the Ordnance 
Department. While at I^iverpool the mean tidal level of 
the sea is 650 feet above Ordnance datum, at Dover we 
find it to be '975 above Ordnance datum. The range of 
the tides is given in a book annually published by J. D. 
Potter, of the Poultry, London, entitled, " Tide Tables for 
the British and Irish Ports," and the information therein 
contained is prospective for the year recorded. Ordinary 
spring tides and average spring tides are convertible terms. 
A difference in range of 3 feet found at one place over 
another shows that high-water ordinary spring tides are 
I foot 6 inches higher, and low-water ordinary spring tides 
I foot 6 inches lower at one place than the other. The 
tide charts of the English and Bristol Channels and of the 
entrance of the Thames, by Lieut. A. H. Percy, also pub- 
lished by Mr. Potter, are useful for reference, to show the 
exact courses of the currents in these channels. 
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CHAPTER XIII. 

ENLARGING AND REDUCING PLANS. 



The enlargement of plans by the aid of either the penta- 
graph or the eidograph can never be recommended where 
great accuracy is of importance. Where possible, the best 
way is to replot the whole survey from the field-book to the 
enlarged scale required. But it may be well, nevertheless, 
to describe these instruments, as they are of use under some ' 
circumstances. 




THE PENT-A&nAVH 



The Pentagraph is usually made of brass, and consists ot 
four flat bars, so fixed as always to form a parallelogram in 
all positions of the instrument. The instrument works as a 
jointed rhombus, in which two longer bars shown in the 
figure are united by a double pivot, which is fixed lo the 
end of one of the bars, and works in two holes placed at 
the end of the other, forming a knuckle-joint connection. 
The pencil point is attached to one of these bars, and the 
tracer point to the other bar. The two shorter bars are 
fixed by pivots to the longer bars, and are also joined at 
their opposite ends in a similar manner to the joint uniting 
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the longer bars. Several ivory castors support the machine 
parallel to the paper and allow it to move freely in all 
directions. The position of either the pencil or the tracing- 
point is a fixture, while the position of the fulcrum attached 
to one of the shorter bars, and the position of either the 
tracing or the pencil point which is attached to the adjacent 
longer bar, can be shifted to suit the proportion required for 
reduction. This adjustment is effected by means of sliding 
boxes, which can be fixed at any part of the adjacent long 
and short bars by turning milled - headed clamp screws. 
The fulcrum contains a lead weight, to which is fixed a 
bright iron or steel pin, over which the whole instrument 
travels when in use, being balanced by the six wheels, which 
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rest upon the drawing paper or table upon which the instru- 
ment is working. It is important that the drawing paper 
should lie perfectly flat upon a level table, otherwise the 
wheels upon which the instrument is mounted will sustain 
frequent jerks, which will lead to inaccuracy in draughtsman- 
ship. The principle of its construction is seen by experiment 
to be due to the fact that two points moving in a plane in any 
direction, but always remaining in the same right line with a 
fixed point and preserving the same proportional distance 
from it, will describe similar lines and figures. 

In the Eidograph, invented by Professor Wallace, of 
Edinburgh, in 182 1, consisting mainly of three stout brass 
bars, these supporting wheels are dispensed with, and the 
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whole instrument is solely supported by the central fixed 
stand over which it works. Thus the friction upon the sur- 
face of the paper is reduced to a minimum, and there is less 
vibration than with the use of the comparatively thin arms 
of a pentagraph. When employed for reduction, as shown 
in the detail plan (pages 143, 144), the portion of the central 
bar carrying the bar marked A is heavier than the portion of 
the central bar carrying the bar marked B. The bar marked 
A carries the tracer and the bar marked B carries the pencil. 
The central bar is clamped at C. Hence the balance- weight 
is placed upon the short end of the central bar to steady the 
instrument in such a position that the whole is balanced 
over the fulcrum under C. 

The geometrical construction of these intruments is based 
upon the principle involved in the construction of similar 
triangles. In both the pentagraph and the eidograph the 
pencil-holder, the tracer, and the fulcrum should under all 
circumstances be in a right line when set up ready for use, 
so that a fine string stretched from the pencil-holder to the 
tracer-holder should pass over the fulcrum as indicated by 
the dotted line shown in the diagram (pages 143, 144) which 
illustrates the eidograph. Otherwise the instrument is not 
correctly set, and must be re-adjusted. 

Comparing the two instruments, the eidograph can 
cover a greater surface of reduction than the pentagraph. 
There is no sensible friction upon the single fulcrum centre 
of support, but to steady the instrument some makers 
add a movable castor, the roller of which is 2 inches 
diameter, which can be attached to the main beam with its 
axis in a direct line to the fulcrum of the central stand when 
the instrument is to be employed for reduction below one- 
third. The motions of the pencil and tracing point in a 
pentagraph are each derived from two circular motions, one 
about the joints at the ends of the arms, to which they are 
attached, and the other about the fulcrum. The radii of 
these travelling movements form the sides of similar 
triangles, of which the dotted line, passing through the 
pencil, the tracing point and the fulcrum form the third side. 
The distances traversed by the pencil and tracing point 
will maintain a constant ratio to one another when the 
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instrument is properly set, due to either of the above 
circular motions, and will therefore have also the same ratio 
when the two motions are combined. The inscribed space 
bounded by the arms of the instrument, as stated above, 
form a true parallelogram, and the proportion of the sides 
depends upon the setting of the instrument. In an eidograph 
the pulley-wheels under the ends of the centre bar are of 
exactly the same diameter, and the wheels are caused to 
move simultaneously by means of the steel bands attached 
to them. The tension of the bands can be adjusted by the 
screw connections when needed- Rules for setting the 
instrument will be found upon the diagram (pages 143, 144). 

The pencil-holder is made to slide easily up and down 
the cylinder in which it rests, and the draughtsman is 
enabled to raise it off the paper when not required to mark 
by gently pulling the silk cord attached to the cranked 
lever arm, which cord passes over the bars of the instrument 
to the tracer point to which it can be fastened if desired, 
so that the draughtsman can prevent false or unnecessary 
marks being made upon the paper by passing over the 
cord at the tracer end two fingers of the same hand that 
moves the tracer. Additional small weights are provided 
to rest upon the top of the pencil-holder when the pencil is 
required to make strong marks upon the paper. 

When the plan to be reduced contains numerous buildings 
the use of the proportional compass will be found advisable. 

The plan to be reduced, and the paper upon which the 
reduced plan is to be plotted, are covered with squares 
drawn to their correct scales respectively, and the intersec- 
tion of the lines is indexed for reference by numbers in 
the one direction, and by letters in the other direction. 
Proportional compasses fitted with a rack-gearing for the 
movement of the slider are the best, as they can be most 
accurately set by means of the milled-headed adjusting 
screw shown in the diagram (page 146), and when clamped 
by the opposite milled-headed screw are not liable to slip. 
To move the adjusting screw, the clamp screw must be first 
loosened, and the instrument is then so set that when the 
arms are opened, the distance between the points marked 
A and C bears the required proportion to the distance 
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between the points marked B and D. As shown in the 
diagram (page 146), the body of the instrument consists of 
two narrow flat pieces of metal, each having a groove up 
to the centre, and united by a pair of sHde pieces fitted into 
the grooves, and connected by a pin which traverses the 
axis of the instrument, and can be clamped in any re- 
quired position by the milled-headed screw. A steel point 
is attached at both ends of each arm. 

The scale of lines shows the marks at which the index 
must be set for so fixing the compasses when closed that 
the distance between the steel points when opened at one 
end shall bear a definite proportion to the distance between 
the steel points at the other end. This scale is only 
available where the ratio can be expressed by some whole 
number divided or multiplied into one unit, and cannot be 
applied so readily to ratios of 2 to 3 or 3 to 4, which are 
very often required. 

The scale of circles will divide the periphery of a circle 
into any number of equal parts up to 20. The slide is set 
to the number of divisions required, then the points of the 
long arms of the instrument are opened to the radius of the 
circle and the distance between the points of the short arms 
will then indicate the chord to be taken upon the arc of the 
circle which divides the circumference according to the 
setting. The scale of plans applies to areas. A circle 
struck with the long points when the index on the slide is 
set to any registered number, will describe a circle the area 
of which will be exactly that registered number of times the 
area of a circle set out by a radius equal to the distance 
between the points of the short arms of the instrument. 
The scale of solids is similarly applied to cubicr.l dimen- 
sions, and gives the comparative proportions for relative 
capacities. (See page 146). 
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CHAPTER XIV. 

COMPUTING SCALES AND 
PLANIMETERS. 

Computing scales made in boxwood are generally kept in 
stock for application to plans drawn to the Ordnance scale 
of either ^jVoj t^oj or of 6 inches to i mile, but they can 
be made to any scale. Makers, however, generally require a 
week's notice for a computing scale different from their stock 
sizes, as they find the planimeter is so rapidly superseding the 
use of a computing scale that it does not pay to keep various 
sizes of this scale in stock. The annexed illustration shows 
a computing scale made to the Tithe Commission pattern of 

3 chains to i inch (page 150). The large figures in the por- 
tions of the accompanying samples of computing scales denote 
acres, and the sub-divisions numbered i, 2, 3 indicate roods. 
A projecting frame having a fine wire drawn across its centre 
i^ attached to a scale admitting of sliding motion in the 
direction of its length. The perches are engraved upon the 
ivory scale attached to this movable metal frame, the use 
of which will be understood upon reference to the annexed 
drawing (pages 151, 152), showing a complete instrument. 
The application of a plan is explained in note i. Four 
scales are shown upon this instrument. (See note 2.) The 
example given supposes the plan to be drawn to a scale of 

4 chains to i inch, in which case the calculated distance 
between the parallel lines upon the tracing paper is seen to 
be J inch, which is ruled off in the direction of the greatest 
length, in order to hav^e as few strips as possible and form a 
gridiron tracing of parallel lines J inch apart. The number 
of square chains in i inch upon the plan, divided by the 
number of lineal chains to an inch upon the scale, will give 
the number of parallel lines or spaces to be ruled within a 
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depth of I inch upon the computing paper. Thus, with the 
use of such tracing strips, when the upper scale marked i 
is to be employed, a length of 2 J inches is seen to measure 
an acre. The object of the calculation given in note i upon 
the diagram for the determination of the value of X, is to 
arrive at the actual width required to suit the scale of the 
plan for recording an area of i acre for an actual length of 
rectangle registered as an acre upon the computing scale. 
Thus, referring to note 2, the length upon the scale of 
12 J inches records 5 acres in the case of scale i, because 
one-fifth of 12 J- inches multiplied by |- inch = f square 
inches, and since by the scale of the plan 16 square chains 
equal i square inch, an area of paper | square inches equals 
10 square chains or i acre. In the case of scale 2, we have 
the same total length of i2|- inches, reading two acres, and 
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hence the divisions upon the lines for the tracing paper 
would need to be yV i^^h apart, which, would not be so 
suitable as scale i for this special plan. The wire line C in 
the frame A B is first so set that the frame rests against the 
stop-piece F. It is then placed upon the tracing paper over 
the area to be calculated so as to start from zero at the line 
\I, with the edge of the scale parallel to the lines upon the 
tracing paper. The scale is maintained in position by the 
pressure of the hand, and after carefully moving the frame 
so that the line C .traverses from M to N the instrument is 
then lifted up and replaced with its edge parallel to the 
lower lines upon the tracing paper, so that the wire C starts 
from O at the same position on the scale as it indicated 
when at N. The frame is traversed over each rectangle 
successively from M to N, O to P, Q to R, S to T, &c., by 
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means of the handle D (see section upon the line Y Z), the 
exact position of the starting and finishing points for each 
rectangle being judged by the eye so as to be equal to and to 
compensate one another in the give and take, and thus by a 
series of mechanical additions the area can be read off the 
computing scale in acres, roods and poles. With the use of 
the upper scale, as shown, when the frame reaches the stop- 
piece L it indicates that five acres have been traversed. 

In Merrett's improved computing scale the screw in the 
metal frame is made to act as a clamp, and different scales 
are supplied to fit the same metal frame, instead of the 
ivory pieces employed to cover the scales which are not 
required for use in the instrument adopted by the Tithe 
Commission Office. The reading edge is also bevelled off 
against the scale. It is evident that the degree of accuracy 
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obtainable will be proportionate to the skill of the surveyor 
m the equalisation of the extremity of each irregular 
boundary to a space traversed by the scale. 

It is customary in this country to express the area of 
land in acres, roods, and poles, except such land as is 
portioned off for building purposes, which it is usual to 
compute in superficial yards. The former area may easily 
be ascertained by the use of a computation scale, but 
precaution must be observed to keep the tracing paper 
fixed to prevent it shifting, and, with due care, accurate 
results can then be obtained without any further calculation 
being necessary, in which the number of chains traversed 
is recorded upon this instrument by a sliding vane in a 
purely mechanical manner. 
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The annexed figure shows how a triangle A F H may be 
drawn equal in area to a five-sided figure A B C D E, 
the area of which triangle is easily arrived at by the 
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simple rules of mensuration. But the methods frequently 
employed by unskilful surveyors to find the area by offsets are 
erroneous, when they divide the sum of the offsets by their 
number for a mean breadth, or, as some do, in dividing 
that sum by one more than their numbers for a mean 
breadth. The first of these methods gives an area too 
little, and the second an area sometimes too little and 
sometimes too much, when such mean breadth, as thus 
found, is multiplied by the whole base for arriving at the 
superficial amount. A third method, which is usually more 
accurate than either of the preceding ones, is to set down 
each offset twice (accounting that one where the boundary 
meets the station line), except the first and last, which are 
only entered once. The sum of these offsets is then multi- 
plied by the base, the product divided by the number of 
offsets set down, and the quotient given as the area required. 
The reference numbers upon Ordnance maps (see 
pages 130 and 240) enable a book of reference to be 
compared with any enclosure. The areas upon these 
maps have been computed by the Ordnance Survey 
Department to the centre of the fence or other boundary 
of the enclosure, except in the following cases : — 
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(i) When the fence or other boundary is also the boundary 
of a parish or other civil division which does not follow 
the centre of the fence, the area is calculated to the 
parish or other boundary, and not to the centre ; (2) when 
the fences, &c., bounding either side of a railway are 
included wholly within its area. 

In the planimeter (see pages 155, 156) the bar E F can be 
made either to slide in the box to which the other arm is 
attached (see fig. i) or can be permanently fixed to this box. 
In the latter case it is constructed to record square inches only, 
and is known as the fixed scale planimeter. In the former 
case it will record square inches when the mark upon the 
sliding box is made to come immediately under the mark 
upon the bar E F, which is situated near the figures 22:174 
in fig. 4, and is distinguished as the proportional planimeter. 
The sliding box is fixed to the sliding arm E F by the 
clamp screw H, and the two marks above alluded to are 
made to coincide by the movement of the slow-motion 
screw F. The horizontal wheel M records the square 
units in one revolution, the wheel L records square units 
and tenth parts of a square unit, and the vernier attached 
outside the wheel L enables hundredths of a square unit to 
be read. When the needle-point D is placed outside the 
area to be calculated no account is taken of the figures 
upon the sliding bar E F, but when the needle-point D is 
placed inside the area to be calculated, the number engraved 
"Upon the bar is to be added to the reading of the instru- 
ment after the boundary of the area has been completely 
traversed by the pointer S, before the first reading of the 
instrument is deducted. 

Goodman's Patent Planimeter- is an economical form 
of instrument, and may be thus explained : - Let it be 
required to measure the area of the figure, page 158. 
Choose a point A, as near the centre of the figure as can 
be judged by eye, and from it draw a line A B to the 
boundary. Hold the tracing leg of the instrument in the 
right hand, placing the point at A and the hatchet at X 
(/.^., with the instrument roughly square with A B, see 
fig. 3), and press the hatchet in order to make a slight dent 
in the paper at X ; then, the finger having been removed 
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from the hatchet, the tracing point of the instrument is 
caused to traverse the line A B and the boundary in the 
direction indicated by the arrows, returning lo A via A B, 
when it will be found that the hatchet has taken up a new 
position and it must be again lightly pressed (as illustrated in 
lig. 2) in order to make a fresh dent in the paper at Y (fig. 
3). The instrument being held in this position, revolve the 
paper on which the figure is drawn through about 180° (by 
eye), using the point of the instrument as a centre (as 
shown in fig. 4), and taking care that neither the point nor 
the hatchet shift while the paper is being turned. The line 
A B will again be roughly at right angles to the axis of the 




Fig. X. 



instrument, but in a reversed position (see dotted figure, 
fig. 3). Now cause the tracing point to traverse the 
boundary as before, but in the opposite direction, as 
indicated by the dotted arrows. The hatchet will take up 
the new position Xi which may or may not coincide with 
X ; then, the mean of X Y and Xj Y measured on the scale 
engraved on the instrument is the area of the figure ; this 
can be readily read off by pricking a central point as shown 
between X and Xi by eye. When it is inconvenient to turn 
the paper round, the instrument itself may be turned round 
to form a dent Xi on the opposite side of the figure, as showu 
at fig. 3a. Then by following the boundary in the direction 
of the arrows Y^ is obtained. The area is the mean of the 



IS9 iju^d surveying and levelung. 

lengths X Y and X, Y, measured off on the scale as before, 



r the area 



^XY + X,Y, 



When the area is large, the instrument will move through 
a large angle, and consequently, if approximately square 
with A B at starting, it will be a long way out at the finish. 
In such a case all that is necessary is to see that the mean 
position of the instrument is square with A B. 
The following precautions are to be observed : — 
Do not allow the hatchet to work on a rough surface — 
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smooth writing or drawing papers are suitable , do not work 
on wood, as the hatchet tends to travel along the grain 

Do not allow the hatchet to go off the edge of the paper 
or over ridges Hold the instrument freely so that the 
motion of the hatchet shall not be interfered with It is 
always advisable to use the weight on the hatchet to pre- 
vent side shp 

Use the instrument on a flat table, not on a sloping desk 

On no account attempt to sharpen the hatchet, either 
with an oilstone or otherwise. 

See that the instrument is held with its legs fairly vertical. 
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In measuring the area off always work from the zero of 
the curved scale. 

This instrument is an improvement on the Stang 
planimeter made by Knudsen, of Copenhagen. In a 
pamphlet published by him he gives the complete mathe- 
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matical theory of the instrument and arrives at the follow- 
ing result : — 

i=-^4^/ci-(-^)-] 

Where I = the area traced out by the pointer in sq. inches, 
C\ = the distance between the dents X and Y in inches, 
^2= ,) » yy Xj and Y „ 

/ = the length of the instrument in inches, 
j^2 = the mean square of the radii of the figure 
(Le milieu des can^s des distspces de T (a) jmqu'^ la circcpf^rcpce) 
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The making of such a calculation for every area measured 
is far (00 tedious an operation. By using Goodman's instru- 
ment as described above, first in one direction and then 
in the other, the quantity - ' -' is obtained by a direct 
reading. If the Instrument were of very great length as 
compared with the dimensions of the area, the quantity in 
the brackets would vanish, then putting — '-r — ' = f, the 
area would simply be equal to the product p c, and a scale 
for measuring the distance c in which i square inch was 



made equal to -p- inches would at once give the area in 
square inches. But as the areas generally dealt with are of 
somewhat large dimensions as compared with the length 
of the instrument, the quantity in brackets must not be 
neglected. Assume for a moment that we are measuring 
the area of a circle with the instrument — its area is propor- 
tional to R^, hence as [tf^ is a constant for any given 
instrument, the whole quantity (-rr-)^ is proportional to the 
area traced out by the pointer. Thus by making a scale 
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with gradually increasing divisions this quantity may be 
entirely eliminated. This is what is accomplished in 
Professor Goodman's planimeter, and instead of having to 
solve the equation as given above in order to find the area, 
it is read off direct from the scale without any calculation. 

If the area dealt with is not a circle, the error involved in 
assuming that its jR^ is equal to the i?^ of a circle of equal 
area is so small that it is quite inappreciable on a scale 
which only reads to tenths of a square inch, it would indeed 
seldom be appreciable on a scale reading to hundredths of 
a square inch. 

PJanimeters are now so well understood, and their results 
are found to be so reliable, that no Surveyor's office is 
complete without them. A level table is essential to 
ensure accuracy. The instruments shown upon pages 
155, 156 are known as Amsler's planimeters. An example 
of their employment is furnished in the chapter on Contours 
(pages 197-199)- 
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CHAPTER XV. 

TAKING LEVELS. 

The chief Use of instruments for taking levels is to compare 
the heights of different stations with reference to a fixed 
datum or horizontal line. The datum may be the sea level 
or any arbitrary horizontal line that can be localised. The 
method of procedure is virtually the same in all cases. 
An accurate plan is absolutely essential, and the surveyor 
has first to obtain a detailed map of the country upon which 
the line he is to follow is marked, or else he must make a 
plan for himself in order to keep a record of any line that 
may be marked upon the ground, or otherwise indicated. 
Hence surveying operations precede those of levelling. 
Hutton, an eminent mathematician who was created a 
Fellow of The Royal Society in 1774, and wrote at the 
end of the eighteenth century upon mathematical subjects, 
states " that two or more places are on the same level when 
they are equally distant from the centre of the earth. Also 
one place is higher than another, or above the level of it, when 
it is further from the centre of the earth, and a line, equally 
distant from that centre in all its parts, is called a line of 
true level." 

Levelling, — The field work connected with the process 
of taking levels may be illustrated by the diagram headed 
** flying levels," that is, levels in which a description is not 
required of all the intermediate points upon which the staff 
is to be held in order to connect the work. (See pages 166- 
168). Suppose the level of the point A is known by previous 
levelling to be 60 ft. above a given datum, and that it is simply 
required to ascertain the level of the point H. In the first place, 
attention should be given to the adjustments of the instru- 
ment employed. The verticality of its axis, and consequently 
the horizontal position of the azimuth, must be proved. It 
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is furthermore necessary to remove the instrumental parallax, 
and to see that the line of colliniation is correct, so that 
when the telescope is set level, parallel to the optical axis, 
and to the surface of the cylindrical rings upon which it is 
supported, the cross wires in the diaphragm shall coincide 
with the axis of the supports in which the telescope rests. 
The distance apart, as well as the uneven nature of the 
surface of the ground between the points A and H, render 
it necessary to call upon intermediate points, such as 
B, C, D, E, F, and G, and to re-set up the instrument 
between each change of position in the level staff. The 
instrument is set up level between A and B ; the staff is 
placed upon A, and found to read 2 20. This is booked 
as a back-sight^ because we are looking back upon a point 
the level of which is already known. The telescope is then 
revolved horizontally ; the staff man is directed to move 
forward to B, or to a point where the observer can read as 
great a height upon the staff as possible, owing to the falling 
inclination of the ground. The staff at B is booked as a 
fore-sight^ because the observer is here looking forward to a 
point the level of which he does not yet know. Having 
read B, he then moves the instrument forward, while the 
staffman is entrusted to maintain the foot of the level-staff 
very carefully upon the point B. To assist the staffman in 
so doing, he generally employs a foot-plate or iron peg and 
waves the staff upon it to and from the telescope, like an 
inverted pendulum over a vertical line, or line normal to a 
tangent to the earth's surface at the spot where the level 
staff is being held when the observer is reading the divisions. 
With the instrument in the new position between B and C, 
placed so as to read as low down as practicable upon the 
staff, the sight I'li is then read. This is booked as a 
back-sight, because when the level book is reduced, the 
level of the point B can be arrived at before the sight I'li 
is considered. Suppose the ground to be such that the 
instrument is placed upon the left hand of A, when the 
sights 2 '20 and 12*09 ^^^ read, or upon the left hand of B, 
when I'll and 11 70 are read with the telescope pointing 
in the same direction, the first sights taken with the 
instruments would still be booked as " back-sights " for the 
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reason above stated, although the observer would be looking 
forward, in each case, so far as direction is concerned. 

The position of the level staff is localised, not that of the 
level. The level is simply set up in any convenient position 
for reading the staff, and the surveyor should never hesitate 
to take an extra sight, off his line of section, if need be, as 
a fore-sight, in order to secure a firm position for the level 
staff while changing the position of the level. The 
intermediate spots upon which the staff is held between A 
and H can be described, if required, by letters referring to 
an accurate plan, from which the horizontal distances can 
be afterwards measured with a scale for the purposes 
of plotting, or the whole can be chained in the field as a 
continuous section. 

Where the ground is undulatory, and an accurate vertical 
section is required, it will be found necessary to take some 
sights between the first and last, with the level in any single 
position. These are called intermediate sights, and the 
entries are recorded in a separate column. (See pages 
173-176.) 

In the diagram of " Flying Levels," if the back-sight at A 
reads 2*20, the level of the line of coUimation would be 
62 -20, and the level of the ground at B would be found by 
subtracting the fore-sight 12*09 ^^^^ 62*20, giving a result 
of 50*11. Again, adding the back-sight i*ii to 50*11, we 
obtain the level of the new line of coUimation between 
B and C, equal to 51*22, and subtracting the fore-sight 
11*70 we obtain 39*52 as the level of the ground at C. 
Thus, by continuously adding the back-sights and sub- 
tracting the fore-sights taken between A and H, we may 
obtain the reduced level of the point H as 39*42. This 
will be clear upon reference to the diagram (pages 166-168). 

Now, if instead of first adding 2*20 to 6o*oo, and 
subtracting 12*09, we took the difference between 2*20 and 
12*09 and subtracted this difference from 60*00, we should 
obtain the same result, 50*11, independently of any calcula- 
tion for the level of the line of coUimation. It will be seen 
that this is exactly the usual method adopted in a level 
book, in which columns are provided for the amounts of 
rise and fall; the difference constituting a rise when the 
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fore-sight is less than the back-sight, as between D and C, or 
E and F or a fall when the fore-sight is greater than the 
back-sight, as between A and B, or C and D. (See page 1 73.) 

Level Book—The annexed pages (173-177) give the read- 
ings taken upon a staff, in the first place, when adjusting 
for coUimation, and assume that the circumstances are 
such that the coUimation is 0.06 foot out of truth, show- 
ing that correction must be made, until the staff at W 
reads, in this case, 8*86. They also show the readings 
booked in taking certain check levels. The system of 
flying levels is adopted for running a check level after 
taking a section. 

In the record of the longitudinal section taken on July 
16, 1900, the student is recommended to copy into an 
actual Level Book the entries here provided, and then to 
reduce the levels page by page, there being four pages in 
this section to reduce. 

All readings between the first and last sights before 
changing the position of the instrument are entered as inter- 
mediate sights. The first sight read off the level staff is 
booked as a back-sight, and gives the height of the line of 
coUimation in the instrument, above the point upon which 
the level staff is placed. The last sight or reading read off 
the level staff before changing the position of the instrument 
is booked as a fore-sight. The columns of distances or 
lengths give the position of the level staff. 

Horizontal distances are expressed in links, and are 
localised by description in the column headed Remarks, 
which usually occupies the whole of the right-hand side of 
each double page of the book. 

The first back-sight is preferably taken on a bench mark. 

The reading of each intermediate and fore-sight gives the 
vertical distance between the line of coUimation and the 
points upon which the level staff is held. The surveyor 
observes the staff while it is being waved and books 
its lowest reading ; he then should (if at all uncertain) 
look again at the staff to corroborate the observation, 
and if the record requires alteration, use a piece of 
india-ruober, which he should always have in his pocket 
ready for use, so as to keep his level book clearly and 
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distinctly. The columns headed Back-sight, Intermediate, 
Fore - sight, and Lengths, denote the entries made in 
the field, while the columns headed Rise, Fall, and 
Reduced Levels, denote the entries afterwards made in the 
office. Some level books place the column headed Rise in 
the first column, to distinguish it more particularly from 
the column headed Fall. Other books place the column ! 

headed " Distance " first. The columns marked Reduced 
Levels and Distances or Lengths are the columns used in 
plotting the levels. Sometimes the location of the level 
staff is referred to by a letter, without any measured dis- 
tance or length being taken. A very, accurate plan is in j^ 
this case necessary to localise the description. When for p, 
purposes of merely rendering the levelling continuous no j 
distances are needed to be recorded, and the location of the 
level staff is not required to be noted, it is better, rather 
than leaving a blank in the distance column, which might ]o 
imply an omission, to draw a short dash across the space, ^^ 
which shows the point to be one that has been considered. * 

In reducing the levels to a common datum, an inter- 
mediate sight serves as a fore-sight to the sight booked m 
the line before it, and as a back-sight to the sight booked in 
the line following it. The difference between the sum of 
the back-sights and the sum of the fore-sights is equal to k^ 

the difference between the total rise and fall, and also 
to the difference between the last and first reduced level. 2. 

For temporary bench marks, take the highest point on the s.^ 

top of a fixed stone ; nails driven into the trunk of a tree to 
serve as bench marks are not satisfactory. The letters B. M. '::\ 

at the top of the column for lengths, indicate a bench mark, 
the level of which is given in the column of reduced levels, 
and from which all the succeeding levels are calculated. 
In every case a full description of the position of a bench Ho 

mark, accompanied, if necessary, by a sketch to show sur- 
rounding objects and the part of the structure on which it ;^, 
is fixed, should be made in the level book. All observa- -o', 
tions connected with either the distances, levels or general '^'k 
description of the ground passed over, should be entered in 
the level book at the time of noting the same in the field ; '^^ 
nothing should be trusted to memory. 
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Adjustment for Collimation, July i6th, 1900. 
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Longitudinal Section, taken on July i6th, 1900. 
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Longitudinal Section, taken on July i6th, 1900 — continued. 
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Note.— This page is for des- 
criptive remarks as to location. 
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stump on top of bank, 
on fair ground. 
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centre of turnpike road, 
fence crosses at 676. 
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edge of river. Wa'er level 
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bottom of river, 
edge of river water level 

(opposite side). 
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Longitudinal Section, taken on July i6th, 1900 — continued. 
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Check Levels, July 17th, 1900. 
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Not^, — The transverse lines in the above examples show where 
the division of pages in an ordinary level book transpire. 
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JVofe. — For plan and description see pages 194, 195. 

For description of Ordnance Datum see page 139, of Trinity 
High Water see page 140, and of a datum upon a parliamentary 
section pages 245-247 and 269. 
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CHAPTER XVI. 

LONGITUDINAL AND TRANSVERSE 

SECTIONS. 

At least three assistants are required when taking a section, 
— two men at the chain and a man to hold the staff, and 
the more experienced and skilful a surveyor is in selecting 
the spot for setting up the instrument, the more rapidly 
will he get over the ground assigned to him. The staffman 
calls out the number of links upon the chain at which 
the staff is held, and the surveyor books the total number 
of links in the column headed ** Lengths," and describes 
the various positions of the staff (when necessary) under 
the heading "Remarks." (See pages 173-176.) When the 
ground is of an undulating nature at close intervals, inter- 
mediate sights are required to betaken. These occur as shown 
in the form of Level Book abovQ alluded to, between the 
back-sight and fore-sight at any single setting up of the level. 
The chain usually employed in the field for measuring the 
horizontal distances contains 100 links. Each foot upon 
the level staff used for taking the vertical heights is divided 
into tenths, and each tenth subdivided into hundredths. 

In a longitudinal section (fig. 2, pages 182, 183) all distances 
are expressed in the Level Book as measured from the 
starting-point. The actual datum point need not be a point 
upon the line of section. In transverse sections (fig. 3, pages 
186, 187), the distances are expressed as being so many links 
either upon the left hand or right hand of the centre line. 

Plotting scales, as explained upon pages 92-94, are 
decimally divided, and express chains and links when 
used for horizontal measurements, the same divisions 
denoting feet and decimal parts of a foot when used 
for scaling the vertical heights (pages 178, 179). 
The vertical scale for a section is usually exaggerated 
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in comparison with the horizontal scale, in order to render 
more prominent to the eye the particular irregularities in 
the surface of the ground, which it is the object of the 
reduced levels to exhibit 

The datum line should be first ruled in indian ink when 
plotting a longitudinal section (fig. i pages 178, 179), care 
being taken that the line is perfectly straight and drawn 
long enough from the beginning to the end of the section 
to need no subsequent prolongation as in a base line. (See 
page 90.) Its nominal height is then to be indicated, and 
should be fixed in terms of the reduced levels in the Level 
Book so as to suit the section to be plotted. The datum 
line should be a definite level, as so many feet above or 
below some fixed mark located upon the plan. In dealing 
with works where levels are needed to be recorded below 
water, by assuming a datum as a stated number of feet 
below a fixed level, all the levels to be plotted become 
positive thereto. The level of the datum line having been 
thus determined as so much above or below some known 
bench mark or datum point outside the section, the hori- 
zontal measurements are then marked in pencil for the 
purposes of plotting the section, along the datum line. In 
drawing the section, it is the horizontal distances between 
the stations that must be marked off. In the case before 
us these distances are to be scaled o, 200, 375, 400, &c., 
links to 600, upon the datum line, as given upon one page 
of the Level Book (pages 173, 174). The section is plotted 
page by page, as follows : — Vertical lines are first ruled in 
pencil through the marks at o, 200, 375, &c., upon the 
datum line (see fig. i, pages 178, 179) with the aid of a set 
square sliding against a straight edge, set parallel to the 
datum line. The set square employed should be long 
enough to draw these vertical lines of suflScient length so 
as to need no further prolongation when scaling the heights, 
and its vertical bevelled edge should appear upon the left- 
hand side as shown unless reversible as in a vulcanite or 
pearwood set square. The lines should be drawn upwards 
from the datum line as far as necessary. These heights are 
* obtained from the column of reduced levels in the Level 
Book and are scaled from the datum line, the heights being, 
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for the sake of accuracy, carefully marked thereon with a fine 
needle pointer held perpendicular to the drawing so as to 
puncture the paper as little as possible. A fine-pointed 
pencil is not accurate enough when the comparatively small 
scale of the section is considered. The looth part upon 
the scale in plotting is estimated by the eye. Hence, so 
far as book work is concerned, there is no practical advan- 
tage in reading hundredths for an intermediate sight. The 
points so pricked off are joined by a fine black line ruled 
in ink, and this is best done if the surface line is inked 
in before plotting another page of the Level Book 
(page 174). 

The rolling parallel ruler employed should be heavy, with 
handles to lift it, yet not too long for rapid use, and with its 
wheels deep enough to pass freely over the paper. A 
length of 18 inches proves satisfactory. If a long straight 
edge parallel to the datum line be used, it may be 
maintained in position by fiat weights. The position of 
the datum point or bench mark is indicated upon the 
plan in fig. 2 near the end of the longitudinal section. 
Where the section is taken upon a curve, the radius of the 
curve (in this case 20 chains) is figured upon the longi- 
tudinal section. The tangent lines to this curve intersect 
at the peg A upon the plan (see fig. 2) off the line of the 
section. A horizontal line, as shown in fig. 2, is usually 
drawn above the section, parallel to the datum line. 
Dotted lines are drawn vertically from the line indicating 
the surface of the ground to this horizontal line at all points 
requiring description, and the description is generally written 
in at an angle of about 45 ** to this line, as shown. Where 
a peg is left in the ground upon the section at this point 
the vertical dotted line is carried down to the datum line, 
so as accurately to mark its position in a horizontal 
direction. (See pages 182, 183.) 

Transverse sections (as shown in fig. 3, pages 186, 187) have 
their position marked upon the longitudinal section as well 
as upon the plan. The height above the datum line is figiired 
upon each transverse section, and also upon the longitudinal 
section, where the cross section occurs. They are taken 
for a distance of either one or two chains as required upon 
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each side of the centre line, and in order to continue the 
levelling between the bench marks, they are levelled alter- 
nately thus : — C. S. No. i is taken from right to left, C. S. 
No. 2 from left to right, C. S. No. 3 from right to left, 
viewed in the direction of the chaining of the longitudinal 
section, as indicated by the arrows upon the plan. This 
continuous method is found in practice to be the most 
satisfactory way of connecting transverse sections with 
3 a longitudinal section, as the latter can be more ex- 

i peditiously proceeded with, where there are numerous 

cross sections required, than if the cross sections are taken 
all in the same direction. They are, however, all plotted 
in a direction to read from left to right. Sometimes, at the 
outer end of a transverse section upon falling ground, the level 
staff may appear to be a little short, in which case, rather 
than change the position for a sight, which, though needed 
to complete the section, may not at this distance from the 
centre line seriously affect the future work, a surveyor will 
instruct his staff holder to raise the staff one foot or two feet, 
which another man could measure against a ranging-rod, 
and thus obtain a view of the sub-divisions of the Level staff 
upon the line of colli mation. 

In the case of a river section, a cord or wire may be 
stretched between the two opposite banks, and horizontal 
distances subsequently marked thereon, after it has assumed 
its final sagging, by attaching short pieces of tape at every 
5 or 10 feet, but it will be found more expeditious to 
employ a rope on floats pulled tight, and to measure the 
horizontal distances upon this rope. Having taken the 
water level very accurately, and noted the hour of the day 
in so doing, in case its level may be affected by tidal 
action, soundings are taken at the points indicated, from 
which a section can be plotted, giving the transverse 
bed of the river. The longitudinal section of the bed 
of the river could be subsequently made up from several 
cross sections, accompanied by an accurate plan. 

When levelling in connexion with proposed works likely 
to be influenced by flood levels, ordinary or extraordinary, 
it is necessary to gain all the information that can be 
acquired as to the different levels of brooks, streams and 
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rivers crossed, and to enter all the data so learnt in the 
page of the level book headed " Remarks." 

In order to approximately gauge the volume of water 
flowing in the channel of a stream, it is necessary to set 
up an artificial dam, which is usually constructed 
of stout planking, in which a rectangular notch is 
cut ; for a stream, this notch will rarely exceed a 
foot or a foot and a half in depth ; the edges of this 
notch should be chamfered at an angle of 45®, and be 
neatly lined at the crest with iron. This overfall should 
be strongly built, and with close joints ; it must be solidly 
set up, so as to resist without bending, swerving, or leaking, 
the body of water which will accumulate behind it ; it must 
be set up truly level, with the sharp crest facing the current 
of the stream, also sufficiently high out of water^ so that the 
sill will not be " drowned," by floods, but at the same time 
not so much as regards streams more particularly, as to 
cause the adjacent fields to be inundated by the first rain- 
falls, for, besides other consequences, there would then be 
an end of the stream gauging for a time. 

It is often very important to ascertain the quantities 
arising from flood waters. Before setting up the over- 
fall, a stout post should be firmly driven into the 
bed of the stream some seven or eight feet above 
the site of the overfall, and as soon as this latter 
has been well and soundly got in, the post should be cut 
down exactly to the level of the sill of the overfall ; this 
should be adjusted with a spirit level ; a sharp-edged rule, 
decimally divided (in feet), should then be fixed to the post 
with the zero level with the edge of the sill on the overfall ; 
by means of this rule the depths of water flowing over the 
notched board will have to be measured. When from 
heavy rains the stream swells so that the waters approach 
the overfall with an appreciable velocity, it will have to be 
taken into account. With regard to the length of the sill of 
the overfall, it should not be much less than the width of the 
channel in which it is set up, or it will cause a wire drawing 
of the stream. In a wide river, the system explained under 
the head of Marine Surveying will probably have to be 
adopted. (See pages 226-233.) 
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In the process of taking levels, an experienced surveyor 
will, in fine weather, endeavour to sight as much as possible 
towards the west in the forenoon, and towards the east m the 
afternoon, so as to have the sun as much as possible upon 
the level staff. He will stand with his back to the sun, 
as it is better to have the sun upon the staff than upon 
the object glass of the instrument. 

It sometimes happens in the course of running a section, 
that the surveyor comes upon a very abrupt difference in the 
level of the ground, too great to connect with the level- staff, 
such as a vertical rise or fall of 20 feet, more or less. The best 
plan to adopt in such a case, is to level round without chaining 
more than the line of section requires, but if the ground does 
not admit of such connexion of levels within a reasonable 
distance, then a break must be made in the series of levels and 
the exact height checked by means of a tape or a measuring 
rod. The levels of both the upper and lower points should be 
arrived at by levelling from distinct bench marks, in order 
to determine the correct difference of level accurately. As 
with the use of an ordinary plotting scale, the value of the 
second decimal expressing hundred parts can not be scaled 
with sufficient accuracy, especially with liability to shrinkage 
in the paper upon which the section is drawn, it is usual to 
figure upon the section the heights above the datum line of 
all important points. It is also usual to add the total length 
in miles, furlongs and chains at the end of the line of section. 
Horizontal scales are best drawn horizontally. Vertical scales 
are best drawn vertically on the paper. (See pages 182, 184.) 

The late Principal of the Crystal Palace Company's School 
of Practical Engineering at Sydenham, when addressing his 
students in 1876, gave them the following valuable hints : 
** Always keep your book clear and distinct; do not be 
afraid of entering too many particulars ; take plenty of 
bench marks when you are levelling, for future reference ; 
keep the glasses of your instruments clean, but do not fall 
into the error of one of my young friends who, being on a 
survey, telegraphed to me one morning to this effect, 'I 
have thoroughly cleaned out the level from end to end with 
my pocket handkerchief, and for the life of me I cannot 
see any cross hairs.' '' The principal then went on to say 

I 
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that " a good surveyor will practise the judging of distance, 
and will often test his ordinary paces when walking, so that 
he can obtain the length of a line pretty accurately without 
the aid of a tape or chain. It often happens that he has to 
cross forbidden ground over which he cannot chain a line, 
and this plan will be found most useful. I was once thus 
stepping the distance across a large field, the property of an 
irascible farmer, and had proceeded nearly two-thirds of the 
way when he confronted me with a big stick, saying, * Hi, 
you. What business have you on my property? You*re 
a spoiling of these turmits.' * My good friend, I am doing 
no harm.' * I'm no friend of yours ; I am your henemy. 
Come, get out of this, can't yer?' * Well, then, my good 
enemy, you see I have already got two-thirds of the way 
across this field, and it will do the turmits, as you call them, 
less damage if I go off them in this direction.' ' Wall, may be, 
it wull; but I'll see you safe off afore I goes away.' * Thank 
you. Good afternoon. 196, 197, 198,' and so on until the 
line was complete. Sometimes, however, an opposing 
landowner knows what he is about much better than this 
simple farmer, and puts the surveyor to considerable 
inconvenience. Imagine the disgusting case of a friend 
of mine, who in taking a line of levels was constantly 
Confronted by a couple of rustics holding up a large piece 
of rick-cloth stretched between two poles. Who could 
object? They were at liberty to stand where they liked, 
and hold what they liked, and the old farmer stood by and 
chuckled derisively At length, with a bow, the surveyor 
retired. The next morning the farmer and he met again 
some distance ahead. * Ah, old fellah ! ' said Hodge, 
* I did yer last night. I know a thing or two.' * Yes,' 
quietly remarked my friend, 'but you don't know every- 
thing.. I was back after dark and completed my line of 
levels with the aid of a lantern.' It is not an easy thing to 
take levels with the aid of an artificial light, but it may 
be done, and it is useful to know that, with a little care, it 
can be effected." 
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CHAPTER XVII. 
CONTOURS. 

A CONTOUR pl^n enables the surveyor to judge the un- 
dulatory nature of any ground, and in setting out work to 
run lines approximately of equal level or of uniform 
gradient. (Seepages 194, 195.) 

They are plotted upon a plan by lines representing the 
imaginary intersection of horizontal planes with the 
surface of uneven ground, and form the outline of a 
horizontal section or the outline of any portion of the hill 
made by still water rising to that height. The figures written 
upon the chain dotted lines in the accompanying plan, repre- 
sent vertical intervals of five feet. The plan is prepared in 
the following manner. Suppose the altitude of the contour 
required to be 120 ft. above a given datum (see page 177), 
and that the nearest reliable bench mark is known to be at a 
level of 137 86 ft. above the same datum, there is a difference 
of 17*86 ft. between the level of the bench marie and the 
required contour. The instrument is set up in a convenient 
position and adjusted, and if, for example, the staff reads 
2 '6 1, this is booked as a back sight and shows the line of 
colHmation to be at a level of {2'6i plus 137-86) 140*47 ft. 
above the given datum. Now the contour being 20*47 ft* 
below this, it is evident that the line of collimation must be 
lowered in position before a level staff, 14 ft. or 16 ft. long, 
could be read by the instrument when set up level. A fore 
sight for the purpose of connecting the levels is taken in 
such a position that the staff is read near the top, say at 
12*85, 3^^ ^^^ level is re-set in a new position to read near 
the foot of the staff, say 1*83. Reducing the book we find 
the level of the point upon which we changed the level of 
the line of collimation to be 127*62. The position of this 
point is not recorded in the level book, as it is not required 
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to be indicated upon the plan, but we have by this means 
fallen from a known level of 137*86 to a known level of 
127*62, and have now only to fall 7*62 ft. lower to find the 
position of a point upon the required contour. Adding 
7*62 to 1*83 we obtain 9*45 as the necessary reading upon 
the staff to give the height required, and this figure is then 
booked for reference in the intermediate column. If the 
staff reads less than 9*40 the staffman is told to go to lower 
ground, whereas if the staff reads more than 9*50, the staff- 
man is told to come to higher ground. Except where 
extreme precision is required, the divisions indicating hun- 
dreds may be. disregarded in reading the staff, but it is well 
to observe them in the Level »Book for sake of accuracy in 
connecting the levels. So far as points of equal level are 
concerned, a reflecting level would serve to fix them approx- 
imately, but the most accurate work is secured by the aid of 
a Dumpy level as above described. Signals will have to be 
agreed upon by which the surveyor can communicate with 
the staffman when they are too far apart to be within hearing 
of one another. The position of the contour points in the 
field is fixed during the process of levelling by stout laths 
pointed at the "ends, so as to be left temporarily in the 
ground at suitable distances apart. The number of laths 
required will entirely depend upon the intricacy of the 
ground and the size of the features. Laths are placed in 
positions determined by levelling at such points as will best 
define the shape of the contour, and these laths are after- 
wards surveyed in a similar manner to points in a fence. 
It is advisable only to level and lath out as much as can be 
surveyed before leaving the ground for the day. 

Should the contour pass round the shoulder of a hill, so 
that the staffman in approaching the next point is out of 
sight of the surveyor at the instrument, or should the 
distance become too great for the staff to be distinctly read 
through the telescope, the instrument must be moved to a 
fresh position, and the levelling connected. Suppose, after 
fixing the contour laths marked A, the surveyor decides to 
shift tlie instrument, and directs the staffman, for the pur- 
pose of securing accuracy in the change, to hold the staff 
upon the changing peg or footplate, If the foresight reads 
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9*31, the height of the changing point will be 0*14 above 
the contour level. Hence, when the instrament is re-set up 
in the new position, if the back sight reads 678, the inter- 
mediate sight for fixing the contour laths marked B in the 
diagram must be 6*92, so that the reduced level may again 
become 12000. In like manner when again changing the 
position of the instrument between the contour laths 
marked B and those marked C, if the changing point be 
o*o6 below the contour level, the intermediate sight then 
taken must be o*o6 above the back sight 8*29, in order to 
arrive at the correct reduced level for continuing the line of 
contour. It will thus be seen that by reducing the Level Book 
in the field as the work proceeds^ the contour points upon lines 
of equal level can be most readily determined. 

When an extensive contour plan is required to be com- 
pleted in a short time, one set of men may be engaged to 
fix the contour laths by a process of levelling, and another 
set of men to survey them, but when more than one line of 
contours is set out upon the ground, it is necessary to care- 
fully distinguish between the laths indicating the higher and 
lower contours, and for this purpose three distinct sets, 
painted respectively either red, white, and blue, may be 
employed to be used in turn, one set after the other for the 
individual contours. 

In practice an intelligent man may very soon be made to 
get into the way of judging the correct distance or height to 
traverse; which is a considerable saving of time to the 
surveyor. 

In contouring a small enclosure the theodolite sometimes 
is set up level in such a position that by clamping the vertical 
arc the required contour can be traced completely round ; 
but when the area is of some extent the process illustrated 
in the diagram by means of a Dumpy level and staff is by 
far the most satisfactory. In order to prove the accuracy 
of the day's work, it is well to leave off levelling upon a 
bench mark as when taking an ordinary section. 

Contour lines may be required to be traced round isolated 
features of ground for setting out water channels, railways, 
or for other purposes. In contouring a mountainous 
country the watershed of the small ranges which project 
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tiOIE-THE POSITION OF CONTOUR .POINTS IN THE 
FIELD IS FIXED DURING LEVELLMC BY LATHS 
LEFT TEMPORARILY IN THE GROUND AT SWT- 
-ABLE distances' APART - THESE LATHS 
ARE AFTERWARDS SURVEYED IN A SIMILAR 
MANNER TO POINTS IN A FENCE AND 
THEN REMOVED. 
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laterally or at right angles from the larger ranges, will 
generally be found to have the most gradual and regular 
slope. Hence the datum pegs for checking the contour 
levels in the process of setting out can best be fixed at such 
points. When running a line similar to a contour for 
setting out a gradient, the assistance of a chain is required 
to arrive approximately at relative distance. Two men are, 
therefore, engaged to chain continuously over the line 
marked out by the laths, following by eye the irregular 
course so indicated as near as possible. Suppose that the 
object of the contour is to subsequently set out a gradient 
of I in 1,000. The follower at the chain reports to the 
surveyor at the insertion of every fifth arrow, indicating 
500 links with the use of a foot chain, or at every 7^ chains 
(497 feet) with the use of a Gunter's chain. The surveyor 
then either reduces or increases the reading to be taken 
upon the staff by 0*50, according as he is ascending or 
descending a gradient. It is not necessary to alter the 
reading for determining the position of these points more 
frequently than at intervals of, say, half a foot, because the 
line afterwards ranged out for adoption when marked out 
either as a straight line or set out as a regular curve, is not 
likely to approach nearer to the line of levels so found 
than six inches when taken as a longitudinal section. 

As regards the origin of contour lines, Mr. J. Butler 
Williams, in his treatise on Practical Geodesy, states that 
" the idea of employing horizontal lines for the representa- 
tion of forms suggested itself as early as 1742 to Philippe 
Buache, when observing the horizontal marks left on the 
land by the gradual subsidence of the waters of an inunda- 
tion. But he only aimed at tracing them as lines of equal 
soundings on hydrographical charts. Thirty-three years 
later, Ducarla proposed to adapt imaginary lines, following 
the same law, to the representation of the features of 
ground ; and in 1782, Dupain-Triel in arranging the method 
into a system, recommended that the lines should generally 
be vertically equidistant. However, owing to the want of 
precise data and accurate outline maps, the principle was 
not fully carried out until of late years, when these 
vertically equidistant horizontal lines, which we shall call 
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normal contours, came to be determined in the field by 
means of the theodolite, spirit level, or other instrument. 
These normal contours have been adopted in the French 
cadastre since 1818." 

The Ordnance Surveyors employed a 5-in. theodolite 
for contouring with the aid of a contouring staff 8 ft. long 
figured upon one face only, and provided with a sliding vane 
which was fixed at the required height by a clamp at the 
back of the staff. The visibility of points upon a site to 

CONTOUR CALCULATIONS 




be seen from one another is sometimes an important 
question. This depends mainly upon the general con- 
vexity or concavity of the intervening ground, and may best 
be determined by a longitudinal section taken between the 
points under review, but in the absence of such section, it 
may be judged by a glance at a plan showing the inter- 
vening contours, bearing in mind that when the contour 
lines which were run at the higher level appear closer 
together than those which were run at the lower level, the 
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ground must be concave, and that when the contour lines 
at the higher level appear further apart than the contour 
lines at the lower level, the ground mast be convex. 




The plan of the proposed reservoir shows contours at 
heights having an interval of 5 ft. between them. The 
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altitudes are supposed to range between 50 and 100 ft. 
Watersheds are indicated by a salient or outward bend in a 
contour line; watercourses by a re-entering bend in the 
contour line. The vertical interval at which the contours 
are to be levelled having been decided, a line of section is 
taken (sometimes called " the initial line "), upon which 
pegs, as temporary bench marks, are fixed near the level of 
each contour, and in running the required contours the 
instrument is set up so that the telescope, when levelled, 
may intersect the levelling staff which is held upon the 
initial point, or top of each contour peg, in order to arrive 
at the reduced level to be read upon the staff for tracing the 
required contour, as explained above. 

The areas of the contours can be best arrived at with the 
use of a planimeter, as described upon pages 155, 156. In 
carrying the tracer round, care must be taken to observe 
whether the disc M has performed an entire revolution, in 
which case 10 must be added to the unit in the last reading 
taken by the instrument. The diagram indicates the method 
of calculating the area enclosed by the top bank contour. 
In this case the enclosure being large it is divided into three 
parts, and one side being straight, a triangle is formed in 
the centre, the area of which can be riiost accurately cal- 
culated in the ordinary way by multiplying the base by half 
the height, as it would be waste of time to go round the 
boundary of any regular geometrical form with tlie plani- 
meter. The two adjoining enclosures to the triangle being 
irregular in outline are more accurately determined by 
the planimeter than by drawing " give-and-take lines " in 
the usual way. (See page 197.) 

The subjoined table gives a systematic method of drawing 
up the statement of capacities. (See page 200.) 

There are two principal modes of expressing the nature 
of hill and valley on a plan. The vertical system is largely 
employed in France and Prussia, and also in England 
when the scale is very small and the maps are to be en- 
graved; and in this method it is assumed that the lines 
represent the course which the rills of water would take in 
descending from the water-sheds to the lower levels. It may 
be used simply for the expression of ground when the relative 
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thickness or distance of the lines apart have no especial 
meaning beyond depicting the folds and irregularities of the 
ground; or the lines and distances may be constructed 
according to a scale of shade, a^ in German military maps, 
where the relative thickness denotes the ang/e of the slope 
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as well as its form. Thus Lehman's scale of shade com 
mences with fine lines at 5^, and proceeds in increasing 
thicknesses of line, every 5^, up to 45*^, which being prac- 
tically impassable is represented as composed of very thick 
black lines extremely close to one another. 

The horizontal method may be considered as but an 
extension of the principle of contouring, as the space be- 
tween the chief contours is filled in with horizontal lines, 
preserving a rough parallelism to them. These hachures 
are not, however, continuous, as this would tend to make 
the drawing too smooth and even, and destroy the irregu- 
larity of work produced by drawing them in sets or 
groups of various lengths, which, moreover, tends to pro- 
duce a nearer resemblance to the roughness of the actual 
surface. 

Lieut. -Colonel William Paterson, Professor at the Royal 
Military College, Sandhurst, in his ** Notes on Military 
Surveying and Reconnaissance,'' thus describes the different 
theories of expressing ground upon paper : *' There are 
three principal and distinct methods of expressing hills 
upon paper. The first method is to suppose a sheet of 
light in parallel rays to fall upon ground from directly 
above it. Wherever the ground is level, the appearance 
will be white ; when it slopes, the rays falling obliquely on 
the surface will give a dark appearance ; and as it becomes 
more precipitous, it will of course be still darker. This is 
the theory of the style of drawing which is done with a 
brush and successive shades of Indian ink or other tint. In 
the second method, a volume of water is supposed to fall 
on a hill. Wherever the slopes are gentle, the water will 
run off in small thin rills, diverging as they descend ; in the 
abrupt slopes, it will rush down in large broad streams. 
This is the theory of the vertical system ; only to avoid 
stiffness, the lines are broken into a series of successive 
strokes, not following one another down the hills. In the 
third method, the hills may be imagined as inundated with 
water, and that every time the water falls, a certain fixed 
number of feet, a mark is run round the surface of the 
ground at the upper edge of the water. According to 
the steepness of the falls, the lines, to an eye placed 
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immediately above them, will appear close or far apart. This 
is called the contour or horizontal system, and is applied in 
field sketching; the strokes being broken instead of being 
carried continuously round, and the effect of the shading 
increased by making them thicker, as well as closer on the 
steeper slopes, and lighter, longer, and wider apart on the 
more gentle declivities." (See also remarks upon pages 

120-I22.) 
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CHAPTER XVIII. 

SETTING OUT CURVES. 

Curves may be set out by means of deflection angles. As 
shown in the diagram illustrating Case i (pages 206, 207), 
the tangential angle is half the deflection angle and half 
the central angle. Though it is not necessary to set 
out a curve geometrically for an ordinary road, yet it 
is always a neat method to join two straight portions 
of a bending road with a proper curve, while in rail- 
way work ic is absolutely essential. In the case of an 
ordinary road it facilitates the setting out of a line of 
frontage for building. In railway work it is the English 
practice to always introduce a length of straight line 
wherever possible between two curves whether similarly 
inclined or reversed. Usually a length of at least two 
chains should intervene. The Parliamentary regulations 
provide for curves of more than half a mile radius to be 
sharpened if required in construction to half a mile radius, 
while curves of less radius may not be sharpened. As a 
limit of curve, 15 chains or sometimes a two-mile radius is 
adopted for main lines. (See page 265.) 

The angle between a tangent line and a chord being 
proved by the consideration of Case i to be equal to half 
the angle at the centre of the circle subtended by any given 
length of chord, we are enabled to set out a curve as 
shown in this diagram, the length of the successive chords 
and chord lines produced being usually measured with a 
chain and the offsets with a tape. The unit angle, or angle 
in which the chord is equal to the radius, is seen to be 
57*295 degrees at the centre of the circle, giving a tangential 
angle with the chord equal to 28*648 degrees, or 1,719 
minutes nearly. This unit tangential angle serves as a 
constant^ which enables us to set out various points in a 
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have to refer only state, when single minutes are required, 
the values of the sines and cosines of angles ; thus, 

, cos 62° 27' '4625225 

^^^^^ '7 = sin 62° 27' = -8866075 

The reduction of this vulgar fraction, which will be found 
equal to -5216767, will show the value of the application 
of logarithms. 

The above approximate result, '521719, is seen to be 
correct for three places of decimals, but for application to 
the plotting of long base-lines the more accurate process 
must be applied. 

To determine intermediate points in the curves between 
F and H, and between G and H (fig. 2), we can apply the 
formula given in Case i for the measurement of offsets 
from the tangent lines F B and G B, as it will be observed 
in the diagram which illustrates Case 1, that so long as the 
tangential angle BAD remains comparatively small, the 
length calculated for B S may be measured from D at right 
angles to the tangent line without appreciable error, to 
determine a point in the curve. Hence, substituting the 
term " distance " measured along the tangent line for the 
term "chord" in the equation (Case i), we obtain for 
Cases 2 and 3 the formula, — 

^«. ^ distance^ 
Offset = — 

2 radms 

If, therefore, the square of the number of links in the 
distance from the tangent peg (fig, 2) measured along the 
tangent line to the point at which the offset is desired to be 
taken be divided by the length expressed in links of the 
diameter of the circle, part of the circumference of which 
forms the required curve, the result will give the approxi- 
mate number of links in the offset, the length of which is to 
be measured with the tape or measuring rod in a perpen- 
dicular direction to the tangent line. The formula is 
based upon an assumed length of radius, and the points 
upon the curve fixed thereby can be marked in the field by 
laths, pointed at the ends, so as to be easily pressed into 
the ground. (See pages 210, 211.) 
Where great accuracy is not required, the applicatibh of 
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the above formula derived from Case i (pages 206, 207) may 
be adopted, by the method shown in Case 3, for setting 
out offsets at right angles to a tangent line (pages 210, 211). 
The first offset nearest the junction of the curve with the 
tangent line is thus easily calculated, being equal to the length 
measured along the tangent line, divided by twice the radius 
of the curve, and if the remaining offsets be set out at the 
same distance apart, measured along the tangent line, the 
succeeding offsets, Nos. 2, 3, 4, and 5, will be respectively 
equal in proportion to the square of these numbers, or 4, 
9, 16, and 25 times the length of the first offset. As the 
middle pomt in the curve is approached, the tangential 
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NOTE- BY THIS METHOD, A NEW TANGENT LINE MAY BE SET OUT, 
WHEN THE OFFSETS MARKED OUT BY THE METHOD SHOWN 
IN CASES 3JL2, BECOME TOO LONG TO BE APPROXIMATELY 
ACCURATE. 

angle between the chord and the tangent line increases, 
and the amount of error in the length of the ofiset so 
calculated will also be increased. This error can, however, 
be kept small by setting out a new tangent line as shown 
above in fig. 3. 

When the angle formed at B is smaller than that shown in 
Case 4, fig. I (pages 2 14, 215), it will probably be found a more 
convenient mode for setting out the curve to adopt one of the 
following methods : — (i) In the case of a radius not greater 
than one chain, to divert one or both or a portion of one of 
the lines AB and B C, making them parallel to one another. 
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Then mark out a semicircle between them by twisting the 
chain round from the centre of a line set out at right angles 
to the tangent lines, which line will join the beginning with 
the end of the curve. (2) In the case of a radius over one 
chain in length, join any two points K and L in the tangent 
lines B A and B C, and calculate the lengths B K and B L 
in fig. I from the following formulae : — 

■D T^ 1^ T sine B L K 

sine ABC 

sme ABC 

Then proceed as in Case 3 (pages 210, 211). If the 
tangent points F and G be joined by a chord line F G, 
the curve might also be set out by offsets measured from the 
chord, as shown in Case 4, fig. 2 (pages 214, 215). The 
middle point J is found by measuring the length of the chord 
H G and bisecting it. The distance J M or J K to the points 
M or K at which offsets are required is next measured, and 
the square of the distance is subtracted from the square of 
the radius. The square root of the result is then determined, 
and from it is subtracted the square root of the radius 
squared minus half the chord squared. This is expressed 
in the formulae given upon the diagram. 

If the point of intersection of the tangent lines is inac- 
cessible, the application of the formulae for finding the 
distances B K and K L (as above) becomes necessary when 
Case 3 or Case 4 is to be adopted. Where obstructions occur 
upon the line of the curve itself, the application of the method 
shown in Case 4, fig. 2, is often advisable. (Pages 214, 215.) 

In fig. I (Case 4) the true measurements for setting out a 
curve are given, the distances along the tangent line from the 
beginning or end of the curve being respectively equal to the 
half chords, or the sines of the angles at the centre of 
the circle for a radius equal in length to a single unit ; while 
the length of the offsets at right angles to the tangent lines are 
found by subtracting from a unit of measurement the value 
of the cosines of the angles at the centre of the same circle. 
If, as shown in fig. i, the angles taken at the centre of the 
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circle be equal, — that is^ if the angles taken be subtended by 
equal chords, — the points marked upon the curve will be at 
equal distances apart. If T = the distance in links measured 
along the tangent line by the chain, the offset to be measured 
by a tape or rod will amount to R - -s/R* - T* expressed in 
links. Tables are published in a form suitable for carrying 
in the pocket which give the length of various offsets at 
stated distances for different radii. 

When taking cross sections upon a curve line already 
staked out, each cross section has to be set out at right angles 
to a tangent line. Thus, if in Case 5 (pages 218, 2 19) a cross 
section be required at the peg C, the surveyor would measure 
the length of the chord from the peg at which the cross section 
is needed to some point, say D, further on in the curve, and 
he would then calculate and set out the offset required 
upon the outside of the curve in order to obtain the direc- 
tion of a tangent line to the point C. Then, by setting up 
a pole near to the point D at the calculated distance, a 
right angle to this tangent at C will give a radial line for 
the direction of the transverse section. 

Case 5 illustrates the best method for setting out curves 
of very large radii with one theodolite by angles at the 
circumference, and is based upon the fact proved in Case i, 
that at any portion of a circular curve the angle subtended 
by an arc of a fixed length is constantly the same, no 
matter in what part of the curve the arc or distance be 
taken, and the angle subtended by any other distance is 
proportional to that distance. To apply this principle in 
practice, the late Professor Rankine suggested the measure- 
ment of a chord line, which should be taken in comparative 
short lengths, so as to be practically equal to the length of 
the curved line adjacent to the length of chord. An 
accurate circle might thus be completely set out the same 
as a polygon of an infinite number of sides ; but in 
practice, so long as the length of the curve line is not more 
than one link greater than the length of chord, the method is 
accurate. Referring to fig. i (pages 218, 219), it will be seen 
that the length of the chord A B is practically equal to the 
length of the curve A B, but the length of the chord A C is 
less than the length of the curve ABC, and the length 01 
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the chord A E is very much less than the length of the 
curve A B C D E. 

The length of a chord line which subtends an angle of 
60 degrees at the centre of a circle is equal to the radius ; 
but the length of an arc or curve equal to the radius sub- 
tends an angle at the centre of the circle of 57*29 degrees. 
For a radius of two miles (160 chains) it will be found 
that the length of a chord of two chains is approximately 
equal to the length of the curve it connects, but that for 
a radius of less than one- tenth of this distance (16 chains) 
it is advisable to take half-chain chords. For curves of less 
than s chains (330 ft.) radius, the arc subtending an angle 
of 60 degrees at the centre of the circle is so soon 
approached, and the length of chords to be measured would 
be so small, that the method shown in Case 3 will furnish 
the best curve. On the other hand, when Case 3 is applied 
to curves of over 5 chains radius, the length of the tangent 
lines from their point of intersection to the commencement 
and end of the curve is so long, while the perpendicular 
offsets become so short, that the method explained by Case 
S, with the use of a theodolite for setting out the tangential 
angles, is more advisable. 

Hence for a curve off a chord, 

Offset B= — g— approximately, on diagram (pages 206, 207). 

A very convenient list of tangential angles and of 
angle-multiples for curves, from 5 to 200 units as a 
radius, has been compiled by Mr. Alexander Beazeley, 
M.Inst.C.E., and is published as a set, printed on card, 
for use in the field. The individual card, giving the 
required tangential angles for any required radius, can 
be placed on the theodolite in one of the clip spring 
pieces which are intended to hold the magnifying glass 
for the reading of the vernier. The angles marked upon 
the card are calculated from the formula given in Case i, 
namely, "Angle in minutes equals the chord divided 
by radius when the result is multiplied by 17 19." This 
angle is set out with the use of the opposite vernier, as 
indicated by the small sketch of the plan of a theodolite at 
the top of our diagram. (See pages 218, 219.) 
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We give a copy of the figures upon one of these cards as 
an illustration. (See Case 5, pages 218, 219) :— 

/Radius 20. 
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6f 
40^ 



Multiples for 20 A'fl^/. 

1 85-94367 

2 171-38734 

3 257-83101 

4 34377468 

5 4297183s 

6 515*66202 

7 601 '60569 

8 687-54936 

9 773*49302 

With the use of a book containing the angles required, 
the angle is read, and the book generally has to be placed 
away in the pocket, so as to leave both hands free for 
setting the instrument ; bqt with the use of a special card 
temporarily fixed upon the theodolite, the angles to be set 
out are constantly under the Surveyor's inspection. 

Messrs. Cutler & Edge's tables are intelligible even to a 
workman who may not understand the formula upon which 
they are based. The book is clearly printed and of a con- 
venient size to carry about as a pocket book. 

When the theodolite is not divided to the same fractional 
parts of a degree given in the printed list of tangential 
angles, these angles may be set out to the nearest sub- 
division upon the vernier to the amount furnished by the 
tables. If, as is usual in railway work, the radius of the 
curve is expressed in chains of Gunter's links, the same 
chain must be employed for the measurement of the chord, 
otherwise any other unit measurement can b$ employed 
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with the use of these tables, provided the same denomina- 
tion is taken for the chord as is assumed for the radius. 
The tangential angle in minutes for loo ft. chords when the 
radius is expressed in chains of 66 ft. 

Radius of curve in chains. 

The tables of multiples give the tangential angle in 
minutes and decimals for units of radius up to 9, and are 
intended to facilitate the determination of the tangential 
angle for fractional chords (page 217). Thus if a curve of 
20 chains radius commence at ... miles, ... furlongs, and 
37 links from the starting point, the tangential angle for the 
fraction 6^ links will be ascertained thus : 

•60 = 51*566202 

•03= 2-5783101 
Angle for 63 links = 54-i445i2i or yV<y of 1° 26' -= 54 
minutes. 

The length of chord of 63 links is then set out at an 
angle of 54 minutes with the tangential line, after which the 
unit angle for chain chords is added to this value at each 
setting out of points one chain apart. Again, if a curve is 
to terminate at 63 links beyond a full chain measurement, 
this value is to be added to the tangential angle taken for the 
last whole chord of the curve. To return to a straight line, as 
at D in fig. i (pages 218, 219), the theodolite is set up over 
this point, and any previous point along the curve C, B, or A is 
selected, the distance of which measured by chords is known. 
The instrument is clamped to the tangential angle for this 
distance, and the telescope is directed to this point and the 
lower plate clamped. The vernier is then undamped and 
set back to 360^, when the telescope will be found to be in 
the direction of the tangent line D K, and when traversed 
vertically to be in the direction of D H. Jf, as in fig. i, the 
vernier for a radius of 20 units has been successively set to 

35^° 34' - 357' 8'> 355' 42' for pegging out respec- 
tively the points B, C, D, when the tangent line is to the 
right hand of the curve, we must remember that the tangent 
line D K being to the left of the curve when the instrument 
is set up at D, the point A must be viewed with the vernier 
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clamped to 4° 17' or the point B with the vernier clamped 
to 2" 52', and then the direction of a line joining the 360° 
or zero point with the centre of the instrument will give the 
direction D K. (Pages a 18, 219.) 

The poles shown in the direction of the chord lines A B, 
A C, A D (Case 5) are not generally necessary. The usual 
method is for one man to hold one end of the chain at the 
last point determined, taking care, if the curve be flat, to 
place his body upon the outside of the curve, so as not 
to impede the line of sight when the theodolite is set for 
fixing the next point in the curve. The other assistant 
pulls out the chain or the tape to the given length, and 
holds up a peg or lath, which he keeps vertical at the correct 
distance, moving it about as directed by the surveyor, to 
the right or left hand, until it accurately appears in the 
required direction. Should any obstacle render it necessary 
to remove and reset up the theodolite over a new point in 
the curve, the direction of a new tangent line must be 
found by the method shown in fig. i (Case 5), and the 
same process of setting out by means of tangential angles 
re-commenced. The use of the tangential angles, which 
are calculated from the formula proved by Case i, enables 
the curve to be set out to the right-hand side of the tangent 
line, when the theodolite is placed over the beginning of 
the curve, as the primary scale of divisions upon the 
horizontal circle of the instrument is numbered to read in 
the direction of the hands of a watch; hence when the 
curve is to be set out to the left-hand side of a tangent line, 
the column upon the card containing the differences of the 
tangential angles must be adopted. Thus with a radius of 
20 chains, if i** 25' 57" be the tangential angle for a chord 
of one chain in length, and an angle of 2" 51' 54" be the 
tangential angle for the intersection of a second chord of 
one chain's length round the arc, when the curve is to be 
set out to the right-hand side of the tangent line ; then the 
tangential angles to be employed for setting out two points 
at the same distances for a curve to the left-hand side 
of the tangent line will be 358° 34' 3" and 357' 8' 6" 
respectively. 

Fig. 2 (pages 222, 223) illustrates a method of setting out 

U 
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curves with the use of two theodolites, each set up respec 
tively over points at the beginning and the end of a curve, 
when the angle of intersection between the tangent lines 
which pass through those points is known. 

In-road work, curves may be set out by offsets from lines 
drawn upon a plan, and afterwards be checked by means of 
offsets from the tangent lines. When in road-work it is 
desirable to accurately set out one curve running into 
another, the formula given in fig. 3 may be employed. The 
proof is given in figs. 4 and 5 (pages 222, 223). 

C B = R sin. A - ^r2 sin.2 A - 4 ( R r sin.2-) 

If R = 7 and r = 5 when A = 20*^ 

sin. A = sin. 20^ = '342 
R sin. A = 7 X "342 = 2*394 

sin.2 A ='116964 
R2sin,2A=7X7 ('116964) 
= 5731376 

And sin. - = sin. lo*" = 'i 73 
2 

sin.2::L = '029929 
2 

4 Rr ('029929) = 4*190060. 

The square root of the difference between 5731376 and 
4*190060 equals 1*241. 

And (2*394 — 1.241) = i*i53 = C B, the distance required. 
The geometrical proof is shown in fig. 4. The algebraical 
proof is illustrated by fig. 5. (See pages '222, 223). 

Fig. 4. — In order that the circle with the centre G, in 
fig. 3, should touch the tangent line £ A, its centre must 
be in a line parallel to it, at a distance equal to its radius 
(see fig. 4), and in order that it should touch the circle 
having its centre at K, its centre must be in a circle having 
a radius equal to the difference of the two given radii, con- 
centrical with the circle D C, which touches the tangent 
line F H (fig. 4). Therefore it lies in the intersection of 
the parallel line and the circles with a radius equal to the 
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difTerences of the two given radii. This intersection comes 
in the point G, fig. 4 (pages 222, 223). The problem, therefore, 
algebraically resolves itself into the following : — 
If A = the angle F G E = A G H = N G K (fig. 5), 

R = radius of brignal curve, 
r= radius of new curve, 
then N G = R cos. A, 

MG = r, 

MG = NK-GP, 

NK = R sin. A, 

GP=>/KG2— KP3 

K G^ = ^R — r\^ 

K P2 = (N G - M G;2 = (R cos. A - r)3 

.-. G P = v/(R-r)2-(Rcos.A-r)3 
= v/R2 - 2Rr + r2 - R3 COS. 3A + 2Rr cos. Ar^ 
= \/R3 - (i - COS.2 A) + 2 Rr (cos.A - i) 

= ^R2 sia3 A + 2Rr(i - 2 sin.^- - i) 

2 ^ 

= ^R3sin.2A-4Rrsin.2^ 

2 

. •. M G = R sin. A - Y R2 sin.3 A - ( 4 Rr sin.^^ \ 
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CHAPTER XIX. 

MARINE SURVEYING. 

In Marine Surveying, the use of two theodolites upon the 
shore can be employed for recording the position of a sound- 
ing by the intersection of lines making known angles with a 
given base-line. When the box sextant is used, the angles 
are taken at the points marked A, B, and C by the surveyor 
in a boat, these points being shown in the above diagram, 
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and the angles bear upon the stations D and E, and between 
the stations F and E, as near upon the line of section G E 
as wind and tide will permit. 

A good form of book for recording soundings consists 
of pages of ruled line paper with the addition of vertical 
lines dividing a page into five columns so as to enter 
when taking a section along a line, sav between H and G 
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as shown in the figure. (Page 226.) The records give : 
(i) distance from H obtained by tallies fixed to a 
stranded copper wire attached to the shore at H, and 
attached round a reel in the centre of the boat, the 
wire being pulled taut by the man who winds the reel 
by means of a crab handle and by the oarsman rowing 
the boat so as to render the wire in tension ; (2) a 
column to enter the time, which it will be sufficient to enter 
every five minutes; (3) the record of a gauge to show 
height of water, an operation meanwhile performed by 
another man at some fixed station near at hand, who enters 
the readings in an independent book, so as to be sub- 
sequently repeated in the sounding book ; (4) the sounding 
read in feet and inches off a sounding chain usually 
80 feet long, in which the links measure an inch ; (5) 
the reduced sounding for plotting. This operation re- 
quires a man at H to sight a mark at G, and to direct the 
boat in line or preferably to fix a back station at E, so that 
the men in the boat can place themselves in line with.Hand 
E, and in the boat besides the surveyor, two men at the 
oars, one man at the sounding, and one man to wind the 
reel or let out the stranded wire as directed. The columns 
of a book suitable for a section are further explained in the 
form given on page 229. The soundings upon the Admiralty 
Charts are expressed in feet for the mean low-water of 
spring tides, and reference should be made to the diagram 
of the compass card on these maps, showing the magnetic 
variation of the direction of north from the true north. The 
surveyor should also make himself familiar with the readings 
of the compass-card, so as to feel quite at home with the 
boatmen whose language involves the continual use of such 
descriptions of wind and direction. 

By means of a current meter, the rate of flow in any river 
or stream, or in a tidal current, can be readily and accurately 
ascertained, either at or below the surface, as maybe required. 
The meter shown on page 228 is a considerable improve- 
ment upon instruments of this kind hitherto in use, the parts 
most exposed to wear being thoroughly strengthened, and 
the indication of flowing being at once shown upon the dial. 
It consists of an axis carrying two screw blades, and having 
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an endless screw, nhich works a differential disc in two parts, 
the front part showing the number of feet run, from o to 330 ; 
and the back part, miles and furlongs, from o to 12 miles. 
The arm carrying this disc is so attached to the frame 
that the disc, when not in use, is kept free of the endless 
screw by a coiled spring, but can be instantly brought into 
working contact with it, either by a cord held by the 
operator, or by a nut on the vertical screw at one end of 
the arm. A flat vane, clamped to the frame, serves to keep 
the instrument with its screw properly facing the current. 
The mode of using the current meter is as follows :^ 
The meter is to be well fitted, and securely clamped 
to the end of a stout stick — preferably a cane — the flat 



vane to be fixed in place, and a cord attached to 
the eyehole of the vertical screw. The differential 
disc is then to be set to zero of each graduated 
circle, in which position it will be held by a point 
projecting on the inside of the bottom of the frame. 
The meter is then to be lowered into the water, the 
screw or turbine being held facing the current, and 
when the intended depth is reached, the differential disc 
is to be brought into contact with the endless screw or 
shaft by tightening the cord, the time being carefiilly 
noted at the moment of contact, and again on releasing the 
disc. The distance registered on the graduated circles, 
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being divided by the time, gives the rate of flow per 
minute or per second, as required. 

If, however, time can be given for a long run, and 
especially in a rapid current, the disc may be brought into 
contact by screwing up the small nut under the eye-hole 
before immersion, the time being taken at the moments 
of entering and leaving the water. 

In a rapid current the vibration caused by the. screw is 
considerable ; precaution must, therefore, be taken to hold 
the instrument firmly in its true position, and when the 
observation is taken at some depth it will be found useful 
to have a tie head at the top of the staff for this purpose. 

It is also advisable to attach a line to the eye-hole of 
the vertical screw, whether contact be made before entering, 
or in the water, in case of the instrument becoming by any 
accident detached from the stick, mentioned above. 

The Station Pointer (page 81) is used for plotting the 
position of any soundings A, B, C, shown in the figure, 
and such position is fixed by simultaneously taking the 
bearings of three known objects on shore D, E, F, or in 
the case of a river section upon the line E G, the bearing of 
two objects D and F right and left of that line. The position 
of the point may be found by means of tracing paper, on which 
observed angles are plotted, in which case the draughtsman 
shifts the tracing paper, with the angle plotted thereon, 
over the plan until the point falls on to the only spot from 
which the lines containing the observed angles will intersect 
the three fixed stations. (See illustration, page 226.) 
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The form of book usually adopted is, as shown, a record 
of outdoor entries, headed with a description of the line 

upon which the section is taken 
and the date. The first column 
upon each page is intended for 
any general remarks, the next 
" 1 ^5^^ column to give the angles D C E 
^:f\^ and E C F, D B fi and E B F, 
D A E and E A F. In the 
third column the description of 
the points upon the shore D, E, 
and F is stated. Then the time, 
and the soundings are entered 
under their heading, while the 
last column entitled **R. S." con- 
tains the entries of the reduced 
soundings, being the heights 
above a given datum. 

In the case of a tidal current 
survey the floats used may consist 
of a thin galvanized sheet iron 
cylinder about 12 in. to 15 in. 
diameter, closed at both ends 
and thoroughly watertight, pro- 
vided at the top with a rope twist 
and a bung hole stopped with a 
cork carrying a small flag, while 
underneath are attached 3 legs 
made of |-in. iron meeting in a 
ring. (See sketch.) A strong cord 
marked in fathoms passes from 
the rope twist through the ring 
to a wicker basket carrying about 
50 lbs. of ballast. The cord 
connected between the bottom 
ring and the rope twist passes 
outside the cylinder, which tends 
to twist it slightly out of the verti- 
cal, but this is unimportant as the 
plotting scale i^ so sipall 9 ratio, 
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The floats should not be set deeper than 6 ft. from the 
bottom. It is well to start at 9 ft. from the bed of the river 
and to adopt a clearance of not less than 6 feet or more than 
1 2 ft. The depth in the course of the float can be tested by 
the sounding line in the boat, and the depth of the basket 
altered accordingly so as to avoid touching the bottom. If 
the basket touches in a strong current, the float will go 
under and perhaps be lost. To prevent risk of this, the 
surveyor should coil the spare end of rope neatly on the top 
of the drum and fasten a cork to the extreme end of it j this 
may float and so allow the drum to be recovered. 

To obtain the surface velocity, a slice of turnip may be 
thrown in close to the float and its velocity relative to the 
float noted by the surveyor. Each float is attended by a 
small rowing boat carrying two boatmen and a surveyor, 
one man manages the boat and keeps it near the float, the 
other attends to the soundings and takes the depth of the 
basket under his care, altering it as the soundings require. 
The surveyor takes all angles for fixing the position of the 
float and books all observations of sounding, etc. The 
field book may be kept somewhat as follows : — 
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Observations of the position of a float can be taken with 
advantage every fifteen minutes, commencing at the hour, 
and the exact time of passing four or five well defined lines 
running across the course taken by the float should be 
recorded. The depth at which the basket hangs should 
be noted, and the observations continued till the turn of 
the tide, or until some pre-arranged time or point is 
attained. A sketch of the principal landmarks and of each 
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of the buoys should be made in the field book, as without 
this, the record of all observations would be vague. 

The apparatus required on each boat would be as 
follows : — (i) A nautical sextant ; (2) A watch, preferably 
one showing seconds ; (3) A pair of field-glasses ; (4) A 
chart of the water to be traversed j (5) A pocket compass 
for safety in case of fog ; (6) A sounding lead line ; and 
(7) A few turnips. 

The lead, or sounding line, employed for nautical pur- 
poses consists of cord made of material combining the 
qualities of toughness with flexibility, and is usually marked 
to furnish fathoms and to read to quarter fathoms. Some 
lines are, however, marked to lengths of five feet and read 
to feet and tenths of a foot, with the aid of a foot rule or 
staff, which are occasionally of service for engineering sur- 
veys. The sounding line is loaded with a conical lead 
weight which may be armed with tallow in the hollow of its 
base, when it is required to bring up a specimen of the soil 
at the site ; but on hard material, a jagged plunger should be 
employed. The lead line or sounding cord needs to be 
periodically tested with a standard measure during the pro- 
gress of a long survey, whenever accuracy of depth needs to 
be very carefully recorded ; it is advisable to test it daily 
befofe use. The nature of the bottom should be frequently 
noted, especially marking any sudden changes that may occur 
in the depth, as such variations in soundings usually indicate 
the proximity of neighbouring shoals. When taking soundings 
the surveyor should always try to steer in a straight line, the 
ends of which line should be fixed in position for indication 
on the plan, and the surveyor should endeavour to keep two 
well-defined objects in view as one point upon a continuation 
of this line, one near and one as far off as possible. The. 
writer says "endeavour*' to do so, because it will be found 
impossible with a tidal stream and wind to keep accurately 
upon the line, and the angles taken by the sextant will then, 
indicate the exact position of sounding right or left of such 
line, but the nearer thereto ihe better for the plan. Sound- 
ings should not be taken during very high tides, and should 
be made during neap in preference to spring-tides, and in 
ebb in preference to flood-tides. Soundings to be taken in 
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flood-tides, especially during springs, should not be made till 
within an hour of high-water, but the ebb-tide will, as a 
rule, be found more steady than the flood-tide. The high- 
water can be timed from a mean of the time of continuance 
of the highest reading upon the tide gauge. 

The starting position for these investigations is primarily 
flxed in the same manner as all other positions in a nautical 
survey, that is by two angles on three known fixed points, but 
being once found, two lines inclined as nearly as possible at 
right angles are obtained; the approximate position of the 
boat can thus be discovered at any future day without any 
observation with the sextant. 

In a tidal navigation survey that was upon one occasion 
being made at the mouth of the Thames it was found that 
a current running at i| to 2 miles per hour was not 
sufficient to sink the float when the basket grounded. The 
spare rope, with the cork at its extremity, will not remain on 
the top of the float unless the sea is very smooth. 

The small flag, shown in the diagram (page 230), on the 
float is not needed on all occasions, and is liable to " bob " 
into the boatman's face when altering the depth of the 
basket. 

The sextant remains in a much better condition if it is 
kept in the box when not actually in use, and it is frequently 
advisable to use the " dummy " in preference to the 
telescope, as such a small field is covered by the latter. 

The surveyor should always take the more indistinct 
of two angles first, and look " directly '* at the most indistinct 
object — if this is on the observer's right-hand side he holds 
the sextant upside down. Also when taking angles, he 
should have the boat's nose kept straight on to the waves, 
as less rocking takes place in that position. In fogs, and 
when no better objects are visible, ships at anchor may be 
made use of, and their position fixed later ; but, as a rule, 
distant points are better than points close at hand, because 
the angles do not change so rapidly. At the same time, 
they are not so easily seen under varying conditions of 
atmosphere* 
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CHAPTER XX. 

PLANS FOR DEPOSIT. 

In the instruclions given by the Cc mmissioners of the 
Copyhold Inclosure and Tithe Office for the preparation of 
first-class plans, it was provided that the Commissioners 
did not pledge themselves to seal a plan to which any of 
the following objections applied without testing it upon 
the ground : — (t) Where there was any reason to distrust 
the authenticity or integrity of the Survey; (2) mhere the 
means afforded were insufficient to prove the accuracy of 
the work in all its details ; (3) where the plan did not 
agree with the field-books ; (4) where the field-books had 
been kept in common or metallic pencil ; (5) where 
erasures had been made in the field-books ; (6) where 
alterations had been made in the field-books without a 
satisfactory explanation being afforded; (7) where the offsets 
exceeded a chain in length. 

The Commissioners appointed the surveyor to be em- 
ployed when required for testing the plans upon the ground, 
and required that a sum of money sufficient to cover the 
expenses should be lodged in their hands before the testing 
was commenced. 

The lines ^hich the Commissioners required to have 
measured on the ground for testing the accuracy of the 
plan were defined as three lines in the form of a well-shaped 
triangle, with a proof line from one of the angles to the 
opposite side. 

The scale (3 chains to i inch) employed is explained on 
page 128. r 

In measuring the testing lines, all intersections of fences 
were to be noted, and offsets taken within the ordinary limit* 
of a chain's length. 

Distances, measured along the fences joined, were to be 
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given in writing to all junctions of fences which came 
within two chains of the test lines upon the plan. 

The fields in which the angular points of the triangle 
occurred were to be wholly surveyed, or enough of their 
boundaries ascertained to determine precisely the position 
of those angular points of intersection on the plan. 

The entries in the field-books were to be made with ink 
in the field, and any alterations which required to be made 
in them were to be attested by the initials of the surveyor. 
An explanation of the cause of the alteration was also to be 
entered as a note upon the plan or in the field-book. 

A projection of the testing lines on the scale of the 
original plan was to be sent with the field notes to the 
office of the Tithe Commissioners. 

The cost of testing on the ground did not, as a rule, 
exceed j£is for a parish or district under 3,000 acres ; and 
for a parish of larger size was reckoned at the rate of about 
;^5 per thousand acres, not including travelling expenses. 

Although the above regulations have since the authority 
given to the Board of Agriculture become obsolete, they 
contain hints useful for adoption, except the requirement to 
make the field-book entries in ink, for the reason given 
upon page 46. 

The following particulars should be borne in mind by a 
surveyor when preparing plans for deposit. 

In new roads across fields, the surveyor should aim, in 
setting out, to have as great a length as possible straight, and 
as far as practicable cross roads at right angles to one 
another, as this arrangement not only facilitates the division 
of land, but contributes greatly to the economy of cultivation 
with the plough. All old roads that may be deemed 
unnecessary may be stopped up and allotted to the different 
claimants or diverted into more convenient directions at 
the discretion of the surveyor. 

. In the metropolis all plans for the formation of new streets 
are required to be made to a scale of 88 feet to the inch, 
and to be accompanied by longitudinal and cross sections to 
a scale of 88 feet to the inch horizontal, and 1 1 feet to the 
inch vertical, showing the natural and intended surfaces of 
the streets, and also by a key-plan of the locality. 
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The levels are to be computed from Ordnance or some 
other fixed datura, which must be clear^.y stated. 

Forty feet at the least is the width of every new street 
intended for carriage traffic ; twenty feet at the least is the 
width of every new street intended only for foot traffic ; and 
the said widths, respectively, are construed to mean the 
width of the carriage and footway only, exclusive of any 
gardens, forecourts, open areas, or other spaces in front of 
the houses or buildings erected or intended to be erected in 
any street. 

The measurement of the width of every new street is taken 
at a right angle to the course thereof, half on either side 
from the centre or crown of the roadway to the external wall 
or front of the intended houses or buildings on each side 
thereof ; but where forecourts or other spaces are intended 
to be left in front of the houses or buildings, then the width 
of the street, as already defined, is measured from the centre 
line up to the fence, railing, or boundary dividing or intended 
to divide such forecourts, gardens, or spaces from the public 
way. 

The carriage-way of every new street should curve or fall 
from the centre or crown thereof at the rate of three- eighths 
of an inch, at the least, for every foot of breadth, or at an 
average transverse gradient of i in 32. 

In every new street the kerb to each footpath should not 
be less than four nor more than eight inches above the 
channel of the roadway, except in the case of crossings, 
paved or formed, for the use of foot-passengers ; and the 
slope of every footpath towards the kerb must be half an 
inch to every foot of width if the footpath be unpaved, or 
not less than a quarter of an inch to every foot of width if 
the footpath be paved. 

Building plots should always be measured in feet and 
inches, and in every case the frontage and depth should be 
figured on the plan. Care should be taken that no portion 
of any new work encroaches upon the remainder of the 
estate by any overhanging eaves, barges, spouting, stone 
weathering, etc. (See page 122.) 

When called upon to fix a frontage upon the ground, first 
measure off the length of the piece to be dealt with or 
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pegged out, and then measure the remaining portion of the 
boundary, as a proof that you have accurately marked off 
no more nor less than as indicated on your plan. 

For the preparation of Street Plans to be submitted to 
a Local Authority, the following data may be taken to 
include all that is generally necessary to be indicated. 
i.^ — The heading to state to which class the street belongs. 
2. — The plans to be numbered. 

3. — The sections to show the ground floor and cellar 
floor levels of every house in the street and the 
existing surface of the centre of the street above 
Ordnance datum. 
4. — The cellar and floor levels and also the existing and 
intended levels of the centre and ends of the street 
shall be shown on the plan. The levels to the exist- 
ing surface to be in Black — intended levels in Red. 
5. — The levels for the section shall be commenced always 
at the lowest end of the sewer proposed to be laid 
in the street. 
6. — All reference to floor and cellar levels on right side of 
the section, />., on the right side of the section 
running from the lowest to the highest end of the 
sewer, shall be in Blue^ and on the left side in Red, 
7. — The existing surface of the street shall be shown by 
a black line. The intended surface and the bottom 
of road foundation by red lines. 
8. — Existing sewers shall be shown in Black. ' 
9. — Intended sewers in Red. 
1 o. — Surface water sewers in Blue. 

II. — The scale for plans made in the Local Surveyor's 
office to be the same as the Town Plan (41 '66 feet 
= I inch). Plans submitted for approval not less 
than 40 feet to an inch. The vertical scale shall be 
8 feet to an inch. 
12. — The Horizontal and Vertical Scales for cross sections 

shall be the same. 
13. — The average level of the equinoctial tides above 

Ordnance datum to be stated where necessary. 
14. — Where the level of any street is less than a prescribed 
number of feet above Ordnance datum, the equi- 
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noctial tide level shall be shown by a fine blue line 
drawn across the section. 

15. — The scales to be drawn on the plans and figured 
dimensions to be fully given. 

16. — The distance between two manholes or a manhole 
and a ventilator should not exceed 300 feet. In 
the case of a change of gradient between two man- 
holes or a manhole and a ventilator, a lamphole 
shall be built at the point where such change is 
made. The lamphole shall be 18 inches square 
inside. The brickwork to be 9 inches thick one 
foot above the top of the sewer, and J brick thick 
for the remainder of its height. The brickwork to 
be in Portland cement, and covered with an 
approved cast-iron cover. 

17. — Gullies should not be more than 100 feet apart 
where the gradient is less than i in 300. 

18. — The manholes, ventilators, lampholes, and gullies 
to be built in accordance with the Local Surveyor's 
plans. 

19. — The cross fall for roads should be, when practicable, 
half-an-inch to the foot, and for paved footpaths 
three-eighths of an inch to the foot. 

20. — The fall from the kerbstone to the channel should 

not be less than three nor more than six inches, 

except in the case of crossings paved or formed for 

the use of foot passengers. 

The preparation of Plans and Sections for Parliamentary 

deposit is dealt with in the following chapters. (Pages 

239-308.) 
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CHAPTER XXL 

PARLIAMENTARY SURVEYING. 

In the preparation of Plans and Sections for Parliament 
connected with projected schemes having reference to 
railways, tramways, docks, subways, water or gas supply, 
electric lighting and other works, the practice of surveying 
differs so much from ordinary chain or theodolite work, 
that a good expert surveyor of estates or parishes may 
often prove a slow surveyor for parliamentary work. The 
procedure is based upon certain regulations of both Houses 
of Parliament termed "Standing Orders," which have 
been framed with the object of giving due publicity to 
any application connected with a project to be laid before 
Parliament, in order that all parties who may be in any way 
affected by the proposed scheme may have a fair opportunity 
of stating their objections and acquire a locus standi before 
Committee to secure protection to their interests. In 
dealing with the various preliminary stages through which a 
private bill has to pass, the author will briefly indicate the 
purely legal proceedings with which it is necessary for a 
surveyor to be acquainted particularly as to prescribed 
dates, but the carrying out of which are for the most 
part beyond the province of a surveyor. The rules and 
practice of parliamentary work, however, demand an 
Engineer's knowledge of such regulations. As regards 
his own work the usual practice is to correct such portions 
of the Ordnance map to date as show the country which 
lies between the prescribed limits of deviation to be 
indicated upon the deposited plan, the principal object in 
the first instance being position and general direction 
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rather than scrupulous accuracy of content. Every 
boundary, street, court, alley, dwelling house, yard and 
appurtenances within the limits of deviation must be 
shown upon the plan. In the case of a building estate he 
must notice if any pegs are in the ground, and if so, show 
the different aUotments. In all cases descriptions should be 
borne in mind, and the plan enable the referencing, which 
will be more particularly described further on, and which is 
entrusted to the solicitor's department, to be clearly 
executed Thus one field may have the same owner, but 
different tenants. At the same time no division need be 
shown on the plan which does not exist upon the ground. 
Difference of cultivation should be indicated by dotted 
lines. Roads that are metalled and all public footpaths 
must be shown; to ascertain whether they are public or 
not, the surveyor should see where they lead to. Thus 
.in the case of a wood, it is well to walk round its boundary 
and note if there exists any gate, stile, or hurdle at the end 
of a footpath. Cut tracks leading as a ad-de-sac into a 
thick hedge need not be shown. It is not usual to show 
garden paths, but a footpath across a field leading to a 
church must be shown. All divisions that can be walked 
across are indicated by dotted lines. (See page 122.) 

Prior to the publication of an Ordnance map (see 
pages 127 to 140) showing any particular country to be 
traversed, it was the custom to make tracings of selected 
portions of the parish or tithe map, then to piece such 
tracings together and to correct a copy of this combined 
tracing upon the ground. The method now adopted is to 
gum Ordnance maps together at their edges and to cut 
out long strips suitable for examination out of doors, 
containing sufficient of the surrounding roads and build- 
ings to identify position outside the limits of deviation. 
A width of 18 inches is suitable for such strips, which should 
be rolled, not folded, and can be sent by post, if required, 
when not exceeding this length. The top of an old broom- 
stick answers very well as a roller. When correcting the 
actual niap in this way, a previous inspection of the area 
sheets published by the Ordnance Department may assist 
the surveyor in his observation of the leading characteristics 
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of the property over which he travels, as these sheets show 
the state of cultivation of the different enclosures at the 
time the map was originally prepared. If a tracing of the 
Ordnance map be used for the field plan, it should be- 
mounted on linen, but the scale should be drawn upon 
the tracing before it is mounted, so that it may shrink 
uniformly. The surveyor should particularly notice what 
land is common, or commonable land. 

Courtesy to those who own or have the care of the land over 
which the surveyor and his men travel is one great elenient of 
success, otherwise considerable hindrance may be thrown in 
the way of progress, (See pages 189, 190.) A broad-size 
sketch-book, not too thick, is a useful companion, carried in 
an inside pocket of an overcoat, which the season of the year 
at which parliamentary work is usually executed compels a 
surveyor to wear. He also needs a tape and arrows and a 
chain for muddy roads, and he should take into considera- 
tion the short days of November, the likelihood of bad 
weather, and the limited time available prior to deposit of 
plans, in making •his arrangements. The object of the 
sketch-book is to sketch buildings, yards, and enclosures, 
the divisions of which appear too close together upon the 
corrected Ordnance map to be distinct, so as to clearly 
show the reference numbers in case of dispute with the 
referencers. The surveyor must remember that unless 
his plan is self-explanatory it is practically useless, and 
hence a sketch should be made of all small and confined 
areas. An H. B. pencil is usually deemed the best for the 
purpose. 

For the purposes of Standing Orders of each House, all 
private bills to which such regulations are applicable are 
divided into two classes, and are stated by the parliamentary 
agents to be of the first or of the second class, according 
to the subject to which they respectively relate: — 

First Class. — i. Making, maintaining or altering a burial 
ground. 2. Enlarging or altering powers of charters and 
corporations. 3. Building, enlarging, repairing or maintain- 
ing a church or chapel. 4. Paving, lighting, watching, 
cleansing or improving a city or town, 5. Incorporating, 
regulating, or giving powers to a company, 6. County rate. 
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7. County or shire hall, court house. 8. Crown, church, 
or corporation property, or property held in trust for public 
or charitable purposes. 9. Ferry, where no work is to be 
executed. 10. Fishery, making, maintaining, or improving. 
II. Gaol or house of correction. 12. Gas work. 13. 
Land, enclosing, draining, or improving. 14. Letters patent, 
confirming, prolonging, or transferring. 15. Constituting 
local court. 16. Erecting, improving, repairing, maintaining 
or regulating a market or market-place. 17. Police. 18. 
Maintaining or employing poor. 19. Poor rate. 20. Con- 
ferring powers to sue and be sued. 21. Payment of 
stipendiary magistrate, or any public officer. 22. Continuing 
or amending an Act passed for any of the purposes included 
in this or the second class, where no further work than 
such as was authorised by a former Act is proposed to be 
made. 23. Improvement charge unless proposed in 
connection with a second class work to be authorised by 
the proposed bill. 

Second Class, — Making, maintaining, varying, extending 
or enlarging any aqueduct, archway, bridge, canal, cut, dock, 
or drainage where it is not provided in the bill that the 
cut shall not be more than eleven feet wide at the bottom, 
embankment for reclaiming land from the sea or any tidal 
river, ferry (where any work is to be executed), harbour, 
navigation, pier, port, railway, reservoir, sewer, street, 
public carriage road, subway, to be used for the conveyance 
of passengers, animals or goods in carriages or trucks drawn 
or propelled on rails, tunnel, " tramway," by which term as 
used in the Standing Orders is meant a tramway to be laid 
along a street or road, " tramroad," by which term as used 
in the Standing Orders is meant any tramway other than a 
tramway to be laid along a street or road, and last, though 
not least, a bill relating to waterworks. 

In the House of Lords private bills are further dis- 
tinguished as either local or personal, and bills for confirming 
a provisional order or provisional certificate are referred to 
as provisional order confirmation bills. The division into 
two classes applies to all bills, not being estate bills, which 
seek power with reference to any of the above subjects. In 
the House of Lords, arbitration in respect of the affairs of 
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any company, corporation, or persons is added to bills of 
the first class. 

A general list of plans that have been deposited is printed 
by the House, and can be obtained at the Private Bill 
Office of the House of Commons, upon application, early 
in the month of December. 

Notices by Advertisement, — In all cases where application 
is intended to be made for leave to bring in a bill of 
either class, the Standing Orders of both Houses provide 
for notices to be given, stating the objects of the intended 
application and the powers intended to be applied for; 
and in the case of bills in respect to which plans are 
required to be deposited, such notices are ordered to con- 
tain a description of all the termini, together with the names 
of the parishes, township?, and townlands, together with 
extra-parochial places from, in, through, or into which the 
work is intended to be made, maintained, varied, extended, 
or enlarged, or in which any land or houses intended to be 
taken are situate, and where any common or commonable land 
is intended to be taken such notice shall contain the name 
of such common or commonable land (if any), with the 
name of any parish or township in which such land is 
situate, and the surveyor is called upon to furnish an 
estimate of the quantity of such common or commonable 
land proposed to be taken for insertion in the advertise- 
ment. In cases of bills for making a cemetery or burial 
ground, or for constructing gas works, or sewage works, or 
works for the manufacture or conversion of the residual 
products, or for a station for generating electric power, or 
for building a hospital for infectious disease, the notice 
shall specify the limits of land, in or upon which such 
cemetery or burial ground is intended to be made or such 
works constructed. 

In the months of October and November, or either of 
them, immediately preceding the application to Parliament, 
the notices for a bill are published once in two successive 
weeks in some one and the same newspaper of the county 
in which such city, county of a city or borough, town, 
county of a town or district, or lands to which such bill 
relates shall be situate ; or if there be no newspaper 
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published therein, then in the newspaper of some county 
adjoining or near thereto ; and if such bill relate specially 
to any particular city, county of a city or borough, town or 
county of a town or urban district, in which any newspaper is 
published, the notices are published once in two successive 
weeks in one and the same newspaper published therein, 
with an interval between the two publications of not less 
than six clear days ; or if such bill do not relate to any 
particular city, county of a city, town, county of a town or 
lands, such notices are published once in the London, 
Edinburgh, or Dublin Gazette only, as the case may be ; 
and if such bill relate to lands situate in more than one 
county, such notices are inserted once in each of two 
successive weeks, in some newspaper or newspapers which 
are published in London at least six days in the week, 
or in Edinburgh or Dublin at least two days in the 
week, as the case may be, and in a newspaper of the county 
in which the principal office of the company or companies 
or other parties who are the promoters of any such bill is 
situate,, and in a newspaper of every county in which any 
new works are proposed to be constructed, or in which any 
lands are intended to be taken, or in which any lands are 
situate in respect of which any new or further powers for 
the completion of works already authorised are intended to 
be applied for. 

All advertisements are, nevertheless, in every case 
inserted once at least in the ** London Gazette" if the 
place to which the intended application relates is situate 
in England or Wales, or in the " Edinburgh Gazette '' if 
such place is situate in Scotland, or in the "Dublin Gazette'* 
if such place is situate in Ireland. 

The whole notice is to be included in one advertisement, 
which is to be headed with a short title descriptive of the 
undertaking or application. The advertisement for pro- 
visional orders and certificates is to be inserted once at 
least in each of two successive weeks in some one and the 
same newspaper published in the district affected by the 
proposed undertaking, or in the city, town, or place where 
the proposed works will be made ; or if there be no such 
newspaper, then in some one and the same newspaper 
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published in the county in which such city, town, or place, 
or some part thereof, is situate ; or if there be none, then in 
some one and the same newspaper published in some 
adjoining or neighbouring county. 

A copy of the advertisement is, in all cases where plans 
are deposited, included by the Parliamentary Agent in the 
documents deposited by him on or before November 30th, 
as prescribed by the Standing Orders. 

The principal part of this advertisement which affects 
the engmeer or the surveyor is the description of the 
termini, which must be stated with sufficient exactness 
to enable any one interested to identify the spot within 
a few yards. The surveyor should show upon the plan the 
points from which the commencement and termination 
of the proposed line, in the case of a railway, have been 
measured, and record the total length in miles, furlongs, and 
chains. The zero on the proposed line would be described 
as " Commencement of Railway No. ," or, in the case of a 
junction, '* Commencement of Railway No. and Junction 
with Railway No. ." The plans should be prepared with 
the utmost care, bearing in mind the ordeal to which they 
will be subjected. Attention should be specially directed, 
as stated above, to see that all enclosures existing on 
the ground appear on the plan, that all houses are 
inserted, of their correct shape and size, and gates 
across roads, which often divide a public road from an 
occupation one, shown. Often, too, a railway company 
will have a slip of land outside its thorn fence, of which no 
indication sometimes exists on the ground, the boundary 
of which should be shown by a dotted line and a separate 
number, but which is easily overlooked. The diagram, 
fig. I (pages 245-247), shows the form of a finished plan. 
The'numbers in each enclosure refer to the book of reference, 
and are inserted by one of the reference clerks engaged by 
the solicitors to the undertaking, whose duty it is to state 
the names of the owners, lessees, and occupiers in his 
description of each enclosure. (Pages 255-260.) 

It is the surveyor's work to see that all roads, fences, 
streams, buildings, county and parish boundaries, centre 
lines of proposed work, with ticks indicating miles and 
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furlongs, are accurately shown upon the tracing which Is 
handed to the solicitor for reference. It will facilitate 
the solicitor's work if the buildings and roads are tinted 
upon the tracing he employs for this purpose. In 
examining the site of the proposed works with the aid 
of copies of the ordnance maps, it will be observed that 
sometimes a ditch is represented by a double line and 
sometimes by a single line. In order to make the field 
copy of the maps clear for reference when tracing for 
deposited plans, it will be well to write the letter /upon a 
line if a fence runs alongside a ditch, or to write the word 
" ditch " if only a ditch is represented on the field copy. 
The sur\'eyor may use the proposed centre line on the 
map as a base line as much as possible, but in the case of 
new roads found to have been made since the plan was 
last revised he should take measurements from and along 
old fences in order to determine the position of the new 
road, and survey the fence from the centre line of the 
railway as a base. 

In all cases where it is proposed to divert into any existing 
or intended cut, canal, reservoir, aqueduct, or navigation, or 
into any intended variation, extension, or enlargement 
thereof respectively, any water from any existing cut, canal^ 
reservoir, aqueduct, or navigation, whether the water is to 
be abstracted directly or indirectly from any such cut, canal, 
reservoir, aqueduct, or navigation, or from any feeder there- 
of, and whether, under any agreement with the proprietors 
or otherwise, the notices by advertisement shall contain the 
name of every such last-mentioned cut, canal, reservoir, 
aqueduct, or navigation. 

Under the Board of Trade regulations for provisional 
orders the advertisement and notices should state that every 
company, corporation, or person desirous of making any 
representation to the Board of Trade, or of bringing before 
them any objection respecting the application, may do so 
by letter addressed to the Assistant Secretary of the Railway 
Department of the Board of Trade, on or before the \st 
January next ensuing ; that copies of their objections must 
at the same time be sent to the promoters; and that in 
forwarding to the Board of Trade such objections, the 
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objectors or their agents must state that a copy of the 
same has been sent to the promoters or their agents. The 
plans are prepared for deposit in the case of provisional 
orders under the acts relating to piers and harbours, tram- 
ways, gas and water, railways, and public health, in 
accordance with the rules and instructions issued by the 
Board of Trade and other public departments. 

Gas and Water. 

By the Gas and Water Works Facilities Act, 1870, it is 
provided that any company, companies, or person may 
obtain power under a provisional order confirmed by Parlia- 
ment (i)to construct or to maintain and continue gas works 
and works connected therewith, or to manufacture and 
supply gas ; also (2) to construct or to maintain and continue 
water works and works connected therewith, or to supply 
water in any district within which there is not an existing 
company, corporation, body of commissioners, or person 
empowered by Act of Parliament to construct such works 
and to supply water with the consent of such local and road 
authorities as exist in the district; and evidence of this 
consent is required to be produced at the time fixed for 
proving compliance with the Act and the Board of Trade 
rules. (3) To enable two or more companies or persons 
duly authorised to supply gas or water in any district or in 
adjoining districts to enter into agreements jointly to 
furnish such supply, or to amalgamate their undertakings. 
(4) To authorise two or more companies or persons supply- 
ing gas or water in any district or in adjoining districts to 
manufacture and supply gas or to supply water, and to enter 
into agreements jointly to furnish such supply and to amal- 
gamate their undertakings ; and such purposes, or any one 
or more of them, as the case may be, shall, for the purposes 
of the proposed Act, be deemed to be included in the term 
**gas undertaking" or ** water undertaking," according as 
the same relate to the supply of gas or water; provided 
that any gas or water company empowered as aforesaid may 
apply for and avail themselves of the facilities of the pro- 
posed Act within their own districts respectively. 

The promoters applying for a provisional order in 
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pursuance of the Gas and Waterworks Facilities Act shall, 
on or before the ist November next, before thetir application, 
give notice in writing of their intention to make the same 
to every company, corporation, or person (if any) supplying 
gas (if the proposed application relates to gasworks) or 
water (if the proposed application relates to waterworks) 
within the district to which the proposed application refers. 

The Board of Trade Rules, made under the above- 
mentioned Gas and Water Facilities Act, 1870 (33 and 34 
Vict. cap. 70), with respect to Provisional Orders are 
printed in a publication of eight pages of foolscap which 
give a description of cases within the Act by which the 
necessary consents required for Provisional Orders may be 
obtained ; also the nature of the advertisements, and of the 
notices to be given in the months of October or November, 
and in December, the deposits to be made on or before 
November 30, and on or before December 23, the regula- 
tions as to proof of compliance with the Act and with the 
Board of Trade rules, also as to deposit and publication of 
the advertisement, together with requirements for any 
prolongation of time for the commencement or the 
completion of the works, and a model of a plan of gas- 
works which has to be given to a scale of not less than 
100 feet to one inch. The publication shows by whom 
Provisional Orders may be obtained, and is issued by the 
Board of Trade, Railway Department, dated August, 1886. 
It prescribes that all memcrials, objections, and other 
documents shouM be furnished upon paper of foolscap size, 
and that promoters who desire to be incorporated must 
register themselves under the Companies Act, 1862. 

The granting of Provisional Orders authorising the supply 
of electricity and giving the Board of Trade the authority 
to make from time to time rules in relation to applications 
for licences or Provisional Orders, for the purpose of 
facilitating and regulating the supply of electricity for 
lighting and other purposes in Great Britain and Ireland, is 
prescribed under the Electric Lighting Act, 1882 (45 and 46 
Vict. cap. 56). This Act also provided that within six 
months after the expiration of a period of 2 1 years, or as 
otherwise provided by the special Act, the local authority 
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may acquire from the promoters or subsequent owners the 
undertaking by purchase, upon conditions furnished by the 
clauses of this Act. In 1888 another Act was passed, and 
in 1899 a further Act which consolidates all the necessary 
clauses. The 1882 Act. costs is., the 1888 Act costs 
IS. 2d., and the 1899 Act costs is., and copies can be 
purchased at the Queen's Printers. 

Tramways and Subways. 

The notice by advertisement shall state what power it is 
intended to employ for moving carriages or trucks upon a 
street tramway or upon a tramroad, and in the case of 
bills for constructing a subway, the notice shall specify the 
gauge to be adopted and the motive power to be employed. 

Street Notices, — In either the month of October or 
November immediately preceding the application for any bill 
or provisional order for laying down a tramway or construct- 
ing an underground railway or a subway, when such 
bill contains powers authorising any alteration or 
disturbance of the street or road surface, notice thereof 
shall be posted for 14 consecutive days in any street 
or road along or under which it is proposed to lay 
the tramway or construct the subway, and placed in 
such manner as the authority having the control ot 
such street or road shall direct; but if after application 
to such authority no such direction shall be given, then the 
notice shall be placed in some conspicuous position, such 
as the lamp posts of the street or road. The notice must 
clearly state the place or places at which the plan of such 
tramway, railway, or subway will be deposited, for the 
information of the public. 

Consents in Case of Tramway Bills, — In cases of bills 
to authorise the laying down of a tramway along any 
public highway, the promoters shall obtain the consent 
of the local authority of the district or districts through 
which it is proposed to construct such tramway, and 
where in any district there is a road authority distinct 
from the local authority, the consent of such road authority 
shall also be necessary in any case where power is sought 
to break up any road subject to the jurisdiction of such road 
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authority. For the purposes of this order, the local and road 
authorities in England and Scotland shall be the local and road 
authorities mentioned in section 3 and schedule A of " The 
Tramways Act, 1870;" and in Ireland shall be the grand 
jury of the county in respect to any highway or portion of 
highway within the jurisdiction of such grand jury ; and in 
respect to highways wholly or partly within any city, 
borough, town corporate, or other place or district in which 
the public roads are not under the control of the grand jury 
of the county, shall be the respective local and road 
authorities of such city, borough, town corporate, or other 
place or district mentioned in section 38 of " The Tramways 
(Ireland) Act, i860." Provided that where it is proposed to 
lay down a continuous line of tramwaiy in two or more districts, 
and any local or road authority having jurisdiction in any 
such districts does not consent thereto, the consents of the 
local and road authority or the local and road authori- 
ties having jurisdiction over two-thirds in length of the high- 
ways along which such tramways are proposed to be laid 
shall be deemed to be sufficient. 

The evidence of the consent of the local and road 
authorities and all other proofs of compliance with the Act 
and the Board of Trade rules must be completed on or 
before the isth February, and any clause which a local 
authority, railway company, canal company, or others may 
desire to have inserted in the order must be submitted to 
the Board of Trade by that date. 

The Board of Trade have published a pamphlet of 18 
pages accompanied with a diagram (specimen) of a form of 
plan for proposed tramways to a scale of not less than two 
inches to one mile, as required to be deposited at the Board 
of Trade, with the plans, on or before the 30th of 
November. This publication, a printed copy of which may 
be obtained at the Queen's Printers, price fourpence, shows 
(i) by whom a Provisional Order may be obtained under 
The Tramways Act, 1870 (33 and 34 Vict. cap. 78); (2) the 
required consents to such Order ; (3) the advertisements and 
notices needed to be given in October or November and in 
December; (4) the deposits to be made on or before 
Nov^n^ber 30 ; (5) the deposits to be made on or before 
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December 23 ; (6) the form of the draft Provisional Order ; 

(7) the proofs of compliance with the Act and rules; 

(8) regulations as to the deposit and advertisement of the 
Order as made, and of any amended plans and sections ; 

(9) deposits of money in the Chancery division, penalty for 
non-completion of tramways and release of the deposit; 

(10) rules as to opening of any new tramway, and finally 

(11) prolongation of time for the commencement or com- 
pletion of the works. As in the case of Gas and Water 
Orders, all memorials, objections, and other documents 
have to be furnished upon paper of foolscap size, and 
promoters who desire to be incorporated must register 
themselves under the Companies Act, 1862. 

In The Tramways Act, 1870, and other Acts of 
Parliament above alluded to, the name of the London 
County Council must be substituted for the Metropolitan 
Board of Works, Urban District Council for Local Board, 
and Rural District Council for Vestry, Select Vestry, or 
other body of persons acting by virtue of any Act of 
Parliament, prescription, custom, or otherwise, as or instead 
of a previously constituted Vestry or Select Vestry. 

Pier or Harbour. 

In October, 1884, the Harbour Department of the Board 
of Trade issued certain regulations as to Provisional Orders, 
and also provided for any application for a Provisional 
Order relative to a Pier or Harbour, under '*The General 
Pier and Harbour Act, i86r," and under *' The Harbour 
Transfer Act, 1862." The latest issue is dated October, 
1899. Copies of this memorandum should be obtained by 
Surveyors to Harbour Authorities and those interested in 
works situated on tidal lands. The publication now consists of 
30 printed pages of foolscap, and can be purchased at Messrs. 
Eyre & Spottiswoode's, East Harding Street, London. 

General Plan. 

In the case of all bills of the first class, the plan must 
be such as will describe the lands intended to be taken. 
In the case of all bills of the second class, the plan fully 
describes the line or situation of the whole of the work (no 
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alternative line or work being in any case permitted), and 
the lands in or through which it is to be made, maintained, 
varied, extended, or enlarged, or through which any 
communication to or from the work shall be made ; and 
where it is the intention of the promoters to apply for 
powers to make any lateral deviation from the line of the 
proposed work, the limits of such deviation shall be defined 
upon the plan, and all lands included within such limits 
shall be marked thereon. 

The limits of deviation of the centre line are imaginary 
lines of boundary between which the work may be deviated 
laterally if it is required to shift the centre line during 
construction. Where in the case of a projected railway, 
any special property either wholly or partly situated 
within four-and-a-half chains upon each side of the centre 
line is decided not to be interfered with, the limits of 
deviation may be contracted by being drawn round the 
edge, but ' within the boundary of the enclosure re- 
ferenced, so as to show upon the proposed railway side of 
the boundary of this property. If drawn over any part of 
the property, the space enclosed by the line of the limit of 
deviation must be numbered however small or inappreciably 
narrow that space may be. To ensure the fences being in 
every case drawn up to and correctly between the limits of 
deviation, it is well to provide that upon the revised tracing 
the fences shall in all cases be drawn, so as to just cross the 
limits of deviation. Further extension beyond the limits of 
deviation is not necessary. The surveyor adjusts the 
position of fences, &c., on his original plan to suit the 
dimensions taken in the field, so that the opposition 
measuring from these points for the section may find the 
levels agree. In the addition of new buildings and of 
new fences to the plan during the process of examination 
and correction, the surveyor must be careful of direction, 
as he not only completes a plan, but is providing thereby 
on the plan points for the opposition to use in setting out 
for checking the work. Therefore, everything within the 
limits of deviation ought to measure correctly off the centre 
line on the plan. 

T/ie Booh of Reference, — The Draft Book of Reference is 
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divided into six columns, as follows, but in the copies to be 
deposited with the clerks of the peace, &c., the sixth column, 
intended for office information only, must be omitted. 
It is headed as follows : — 



The Parish of 


in 


the County of 




Number 

on 

Plan. 


Descript^ion 
Property. 


Owners 

or 
Reputed 
Owners. 


Lessees 

or 
Reputed 
Lessees. 


2 

.2 
a, 

at 
u 





• 

§ 

1 




I 


2 


3 


4 


5 


6 



The first column should contain the number of each 
property through which the line is laid down or which lies 
within the limits of deviation marked upon the plan ; but 
where the limit of deviation crosses an enclosure, the 
number may be written within the plot outside the limit of 
deviation for sake of clearness. Each separate properly 
should be numbered on the plan, and a corresponding 
number placed in the book of reference. Any collection 
of buildings and ground within the curtilage of a building, 
belonging to the same owner and in the same occupation, 
such as a ** farmhouse, farmyard, barn, and outbuildings," 
may be described under one number. Where the occupa- 
tions are different, although the same owner, there should 
be two separate numbers. The numbering should recom- 
mence in every parish, and therefore should not be 
continuous throughout the plan. When a river or brook 
divides the parishes the boundary line is generally in the 
mid -stream, and the description should be given for each 
parish. Where, as in the case of an island in the centre of 
a river through which the parish boundary runs, the exact 
division is ambiguous, the land may be described on the 
plan as being *'in the parish of or in 

the parish of one or both of them," and 

referenced accordingly. The reference takers should be 
instructed to begin numbering at the same end of each 



2S7 LAND SURVEYING AND LEVELLING. 

parish, so that the numbers may run in one direction from 
the commencement of the line of the proposed work to its 
terminus, as described in the Gazette notice. If it is 
necessary to interpose a number, a duplicate number may 
be added, thus, 2A, but such repetition of numbers should 
wherever possible be avoided. All properties of which 
any portion is included within the limits of deviation, as 
drawn on the plan, should be described and inserted in the 
book of reference. 

The second column should contain a description of the 
property indicated by the number, such as " manufactory, 
offices, warehouses, and premises,'* or as the case may be, 
" pasture field, arable field, park, plantation, wood, orchard, 
garden, house, yard, shed, house and outbuildings, turnpike 
road, public highway, occupation road, river, brook, 
common, waste, &c.," or by whatever other title, not being 
a local name, the same may be properly designated. In 
the case of fields through which a public footpath or an 
occupation road runs, not divided from the field by a 
fence, it will be better to describe it as " pasture field and 
footpath or occupation road," or ** arable field and footpath 
or occupation road," as the case may be. If the occupation 
road is fenced off, it should be separately numbered. 
In all cases the descriptions should be full and complete. 

The third column should contain the names of the 
owners or reputed owners of the property referred to by 
the particular number. The names both of the persons in 
the receipt and in the beneficial enjoyment of the rents, 
whether tenants in fee or for life only, should be inserted. 
It will be advisable, in describing trustees, to adopt an 
uniform method of description, as ** A. B. and C. his wife, 
and their trustees, D. E. and F. G.," or " A. B. and C. D., 
the devisees in trust under the will of E. F." Where 
mortgagees are in possession, their names should also be 
inserted as well as that of the mortgagor; the like with 
assignees of a bankrupt's estate. If the late owner be very 
recently dead and the name of his heir, devisee, or devisee 
in trust, cannot be learnt, insert "The representatives of 
the late A. B. deceased." 

In cases of glebe land, the name of the incumbent, as 
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well as that of the patron of the living, should be inserted. 
Where lands belong to infants or lunatics, their names 
should be inserted with the names of their guardians, or 
committees. The " lord of the manor " should be inserted as 
the owner of all waste lands and commons. In cases of 
corporate owners, insert them under their corporate names. 
In the case of charity or other public trustees not incor- 
porated, the individuals should be named, and it will be 
convenient to name their clerks also. If on enquiry of 
their clerk he declines to give the names of the individuals, 
and they cannot be ascertained from any other source, the 
ordinary title of the trust, with the name of the clerk or 
receiver, should be given. The " trustees " of a turnpike road 
should be inserted as the owners of it, and should be named 
as " The trustees of the turnpike road, leading from A to B," 
or "The trustees of the turnpike roads,*' 

as the case may be, learning the name of the clerk. 

The surveyors of the parish or township should be 
inserted as the owners of public highways, and their names 
should be ascertained and specified. It will frequently be 
found that there are several highway districts in one parish, 
and in such cases the names of the surveyors and of the 
district should be specified as to each road. 

Public roads should have a separate number in each 
parish where they appear on the plan, and all roads which 
are fenced off from adjoining land. Footpaths if repaired 
by the parish or if fenced off should be numbered. 
Navigable streams and mill streams should be separately 
numbered. 

With regard to " private " or " occupation roads," where 
they do not belong to one particular person, the owners of 
the lands numbered on the plan immediately adjoining on 
either side of the point crossed by the railway, and also 
within the limits of deviation, should be named as owners. 
The same may be said of rivers and streams (not navigable). 
If the stream is dammed up, and used to turn a mill, the 
name of the mill-owner should also be added. 

The names of the several lords of manors should in all 
cases be inserted. 

The fourth column should contain the names of such 
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parties as have an interest under a lease, whether as lessees 
or under lessees. Where the occupier and lessee are one 
and the same person, the name should appear both in the 
lessees' and occupiers' column. 

The fifth column will be devoted to the occupiers of the 
several properties, indicated by the numbers. The names 
of these can, of course, be easily ascertained. The only 
difficulty appears with regard to the occupiers of commons. 
The commoners here certainly have an interest, but they 
are generally too numerous to be inserted in the book of 
reference. They generally, however, have a person called 
the hay-warden or field reeve, cattle driver, or bailiff, 
who is appointed to look after the stock on the common, 
and his name should be ascertained and inserted. The 
same may be said of open field lands or Lammas lands, 
where certain persons have a right of turning in their cattle 
at particular periods of the year, and the surveyor gives 
attention to the position of the Lammas and common- 
able land that is included by the referencer, so that the 
surveyor may confirm its description and estimate its 
area. It is unnecessary to insert the names of occupiers 
of private or occupation roads or of streams, unless used to 
turn a mill, where dammed up as before mentioned, in which 
case the name of the occupier of the mill should be inserted. 
In passing through towns lighted with gas or electricity or 
supplied with water, established under Act of Parliament, 
the corporate bodies should be inserted as the occupiers of 
the streets where the pipes or mains are laid, and H.M. 
Postmaster-General must not be forgotten when referencing 
a railway where telegraph wires are included. 

The sixth column will be directed to observations for 
the information of the promoters, and should, in all cases, 
contain the names of the persons who have supplied the 
information inserted in the previous columns, together with 
all such other remarks as may tend to facilitate checking 
the information already obtained, or the obtaining of 
further information. It should also contain the names and 
residences of all agents, &c., who may be referred to as 
possessing information respecting the particular properties, 
and, generally, such other observations as may appear 
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likely to be useful. If the owners or lessees are not 
resident near the spot, particular care should be taken to 
learn accurately their present as well as usual place of 
abode ; and where parties are absent from the United King- 
dom, the name and residence of the agent who receives the 
rents of the property ; and these addresses must be inserted 
in this column with some denoting mark when the address 
given refers to the address of the lessee, as otherwise it 
will be assumed to refer only to the address of the owner. 

To guide the referencers it is usual to tint the roads and 
streams as well as to tint with a red colour dwelling-houses 
and with a black colour outbuildings, upon the tracing or 
map supplied to them, whereas upon the deposited plan the 
numbers alone serve to show whether any enclosure is a 
house or a field. 

The plan, or a mounted tracing of the plan, having been 
put into the hands of the different gentlemen who are to get up 
the book of reference, they will do well to procure the assistant 
overseer, collector of parish rates, or other person having the 
means of supplying the required information, to accompany 
them through his parish or township, paying him, of course, 
for his time. After walking with him over the properties 
described in the plan, and setting down, from his informa- 
tion, the whole particulars above required, they must make 
a point of seeing personally every occupier, and ascertaining 
from him if all those particulars are correct. The occupier 
must be questioned as to each particular comprised in the 
several columns, and should be requested to accompany the 
reference takers over the property in his occupation. And 
it must be carefully borne in mind that before the examiner 
on standing orders no excuse will be allowed for mistakes or 
omissions, unless the occupier has been personally seen, he 
-being the best authority ; and the promoters being required 
to show that they have used their best endeavours to supply 
correct information. The tenant should be also questioned 
as to whether or not he holds his land upon a lease ; also, 
whether he pays his rent to the lessor named in his lease or 
to any other person, and to whom ; also, whether any part 
of his land is extra-parochial. 

In case of house property, application should first be 
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made to the occupier for the name of the lessee, and 
afterwards to the lessees for the name of the ground 
landlord. The christian names of all parties must be 
ascertained, and the addresses placed in the column of 
observations. 

The boundaries of the parishes should also be ascertained 
and clearly defined upon the plan, and the reference takers 
must satisfy themselves that these are correctly laid down, 
and inquiry should be made of the occupiers on this point. 
There are, in many places, parish maps showing each field, 
with the name of the owner and occupier ; these generally 
cannot be relied upon, but may sometimes be advantageously 
referred to, particularly with respect to the parish boundaries. 

The persons engaged should, in the evening, fair copy 
the work of each day and transmit such fair copy as in- 
structed. Care must be taken that the numbers on the 
tracings are not obliterated. As from the delay of the 
surveys and other causes the utmost exertion and 
diligence will be necessary to complete the book of 
reference in time for deposit, the following suggestions 
are made : The parties taking the reference should 
station themselves at an inn nearest to the part of the line 
of work upon which they are engaged and remove their 
quarters as they proceed. They should be upon the 
ground early every morning and remain seeing the 
occupiers in the neighbourhood until dusk, and after 
that time they should see any more distant parties from 
whom it may be proper or desirable to obtain information, 
so that, as far as possible, each day's work may be com- 
pleted while it is fresh in the recollection of the persons 
engaged. Inconvenience invariably arises from the practice 
of putting off these inquiries from day to day. About 
once a week they should devote a day, or such part of a 
day as may be necessary, to seeing any occupiers or 
parties whose residence at a distance renders it incon- 
venient to see them upon the days on which they were 
going over the line. This advice as to the apportionment 
of time must, of course, be subject to any special circum- 
stance. Whenever an inquiry has to be made from a 
party at a distance, to whom the person making the 
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teference cannot go, a note of the inquiry to be made 
should be written on the fair copy of the reference. 
The words "saw A.B." **saw CD.," &c., should be 
written against the name of the occupier whenever it occurs. 
Where there are two persons of the same christian and 
surname, owners or occupiers in the same parish, they 
should be distinguished by their addresses, or otherwise. 
The plan should be numbered either in pencil or ink 
while they are upon the ground, and should not be left to 
the memory to supply the numbers in the evening. Any 
properties which have not been numbered, and are 
included in the limits of deviation, must be numbered 
with the same number as on one of the adjoining 
properties, adding the letters ^, by r, &c., as may be 
required. In no case should the word "ditto" be used 
in the book of reference or the drafts, but the descrip- 
tions and names repeated in every instance against every 
number. Finally the Gazette notice should be examined, 
in order to ascertain that all the parishes and town- 
ships through which the line passes are included in it. 

Instructions for the preparation of a book of reference 
containing many of the above valuable hints as to the 
manner of obtaining the necessary information as to the 
course of proceeding, are published in a printed form by 
Messrs. Vacher & Sons, of Westminster. 

Fian, — Every plan required to be deposited must under 
the requirements of the Standing Orders be drawn to a 
scale of not less than four inches to a mile, or 20 
chains (1,320 feet) to an inch, but unless the whole plan is 
upon a minimum scale of six chains or 396 feet (practically 
400 feet) to the inch = tsVxt* (six chains to one inch 
= YTT'^^ ^^ enlarged plan must be added of every 
building, yard, courtyard or land within the curtilage of any 
building, and of every enclosed area^ whether open or 
covered, or of any ground cultivated as a garden, either in 
the line of the proposed work or included within the limits 
of the said deviation, upon a scale of not less than a 
quarter of an inch to every one hundred feet; all the 
reference numbers must likewise be repeated as near as 
possible on the reduced plan, and care taken that the 
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enclosures shown upon the enlarged plan, as indicated in 
fig. 3, not only bear the same reference numbers as those 
upon the smaller scale plan, but that the enlarged plan 
shows the centre line and limits of deviation, though not 
necessarily the furlong ticks, as these are indicated on the 
reduced plan. (Pages 245-247.) 

The choice will naturally lie between the plan of 6 inches 
to the mile, which economises much in cost of lithography, 
for a long line, but necessitates enlarged plans, and a plan 
drawn to the scale of the parish survey of 25 inches to the 
mile. This latter is, in the author's opinion, the best to 
adopt for all suburban work, or where a large number of 
enlargements would be required. Larger scales even than 
this are sometimes adopted for metropolitan work, SS feet 
to the inch being frequently used ; but where, on the other 
hand, enlarged plans are but seldom needed, the six-inch 
scale will be the best to adopt. 

The plan and book of reference must not only accurately 
describe the ground, but must, as before stated, agree with 
one another. Thus, with regard to tram lines, if the public 
road is referenced as "public road and tramway," it is 
desirable to indicate such tramway upon the plan. This 
would be almost impossible upon a 6 inch to the mile scale, 
but where a larger scale is employed they should be inserted. 
It is obvious that in many cases the reference numbers 
cannot be written so distinctly upon a reduced as upon an 
enlarged plan, and hence the value of adopting a scale of, 
say, 6 chains to the inch, as it saves the necessity of 
enlarged plans. Where a line is not hkely to be much 
opposed, a copy of the ordnance map to the scale of 
25 inches to the mile may be recommended for all suburban 
work, or where a large number of enlargements would be 
needed, while it must be remembered that the map to the 
scale of 6 inches to the mile renders the referencing more 
difficult to check. 

Waterway. 

In all cases where it is proposed to make, vary, extend, 
or enlarge any cut, canal, reservoir, aqueduct, or navigation, 
the plan shall describe the brooks and streams to be 
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directly diverted into such intended cut, canal, reservoir, 
aqueduct, or navigation, or into any variation, extension, 
or enlargement thereof respectively, for supplying the same 
with water. 

Subway. 

In the case of applications for constructing a subway, 
the plan and section shall indicate the height and width 
of the proposed subway and the nature of the approaches 
by which it is proposed to afford access to such subway. 

Tramway. 

In cases of application for laying down a street tramway, 
both the notice by advertisement and the plan shall 
indicate whether it is proposed to lay such tramway along 
the centre of any street, and if not along the centre, 
then on which side of, and at what distance from an 
imaginary line drawn along the centre of such street, and 
whether or not, and if so, at what point or points it is 
proposed to lay such tramway, so that for a distance of 
thirty feet or upwards a less space than nine feet six inches, 
or if it is intended to run thereon carriages or trucks 
adapted for use upon railways, a less space than ten feet six 
inches shall intervene between the outside of the footpath 
on either side of the road and the nearest rail of the 
tramway. 

All places where for a distance of thirty feet and upwards 
there will be a less space than nine feet six inches between 
the outside of the footpath on either side of the road, and 
the nearest rail of the tramway shall be indicated by a thick 
dotted line on the plan on the side or sides of the line of 
tramway where such narrow places occur, as well as noted 
on the plans, and the width of the road at those places 
should also be marked on the plans. 

All lengths shall be stated on the plan and section in 
miles, furlongs, chains, and decimals of a chain. The 
distances in miles and furlongs from one of the termini of 
each tramway shall be marked on the plan and section. 
Each double portion of tramway, whether a passing-place 
or otherwise, shall be indicated by a double line. 

M 
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;Ajrh« total length of the road upon which each tramway is 
to'bsr^laid shall be stated, />., the length of route of each 
IroBiway. 

The length of each double and single portion of such 
tramway, and the total length of such double and single 
portions respectively shall also be stated. 

In the case of double lines (including passing-places), the 
distance between the centre lines of each line of tramway 
shall be marked on the plan. This distance must in all 
cases be sufficient to leave at least fifteen inches between the 
sides of the widest carriages and engines to be used on the 
tramways when passing one another. The above regula- 
tions also apply in the case of a tramroad when worked 
along a road surface. 

Railways. 

Maximum limits of dtviation for railways, — In towns, 
lo yards each side of centre line. In the country, loo yards, 
about 4| chains (4 J x 22 yards = 99 yards). 

Maximum deviations of curves in construction for rail- 
ways, — Curves upward of | a mile radius, may be sharpened 
to \ mile radius. Curves of less than \ mile radius, may 
'TOt be sharpened. Curves of less than 80 chains, or i mile 
radius, must have the radius written against the line of 
curve in furlongs and chains. The beginning and end of 
the curve should be indicated by a cross thus X upon 
the- centre line. These are termed tangent points, and must 
b^ shown on the plan. 

.^ .,The centre line of a proposed railway is shown upon the 
plan by a strong black line, upon which the miles and 
furlongs are indicated by short cross black lines upon one 
side of the centre line, called furlong ticks and mile points. 
The distances of the mile and furlong points are also 
indicated upon the plan in their correct position. 

Where tunnelling as a substitute for open cutting is 
intended, the centre line is shown by a dotted line on the 
plan, and no work should be shown as tunnelling in the 
making of which it will be necessary to cut through or 
remove the surface soil. 

If it be intended to divert, widen, or narrow any public 
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carriage road, navigable river, canal or railway, the course 
of such diversion and the extent of such widening or 
narrowing should be marked upon the plan. 

When a railway is intended to form a junction with an 
existing or authorised line of railway, the course of such 
existing or authorised line of railway should be shown on the 
deposited plan, on the same scale as the scale of the general 
plan. In the case of two proposed railways No. i and No. 2 
making a junction one with the other, the surveyor would 
write on the plan of railway No. i at the proper point, 
"junction of railway No. 2," and upon railway No. 2 he 
he would write "termination of railway No. 2 and junction 
with railway No. i." The gradient of an existing or 
authorised line of railway to which the new line is proposed 
to be connected is also shown on the deposited section, 
and in connection therewith, and on the same scale as the 
general section, for a distance of 800 yards (approximately 
40 chains of 66 feet or ^ mile section) upon either side of 
the point of the proposed junction. The point of junction 
upon a plan needs careful determination and description. 

Lands for extraordinary purposes, — The company may 
taTce by agreement for the extraordinary purposes men- 
tioned in the Railways Clauses Consolidation Act, 1845, in 
connection with the new railways and the deviation and 
widenings, any quantity of land not exceeding 10 acres. 

Light railways, — There are three publications, (i) 
Statutory Rules and Orders, 1896 (Paper No. 787, 8 pages, 
price ^d.), issued by the Board of Trade for regulating the 
procedure before the Light Railway Commissioners, where 
a scheme for a (so-called) light railway has been matured 
and it is intended to make a formal application for a 
Provisional Order, (2) Statutory Rules and Orders, 1898 
(Paper No. 705, 10 pages, price id.), containing modifica- 
tions of the preceding rules and order, and (3) a list of 
Rules, dated May, 1898, issued by the Board of Trade, 
with the concurrence of the Lord Chancellor, pursuant to 
the thirteenth section of the Light Railways Act, 1896 

(Paper No. .=42 — 5 pages, price ^d.). The two former pub- 

L. 13, 

lications deal with the notice by advertisement aiid the 
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required contents of that notice, the deposit thereof, 
together with plans and sections at the offices of the local 
authorities and Government departments, regulations 
affecting the preparation of the plans and sections and book 
of reference, notices to owners, lessees and others, estimate 
of the various branches of each light railway, and general 
summary of total cost, particulars of a fee of ;^5o to be 
paid by the promoters to the Board of Trade, and a 
schedule furnishing the form of notice to the landowners 
and others. The last named of these three publications 
deals mainly with the costs to be allowed and taxation as 
against a light railway company, for the charges of a 
claimant in an arbitration under the Act The proposed 
gauge and motive power of the railway must be stated in 
the noiice, and also the place where copies of the draft 
order can be obtained on payment of not exceeding one 
shilling a copy. The above printed rules and orders can 
be purchased at Messrs. Eyre & Spottiswoode, the Queen's 
printers, and the Light Railway Commissioners undertake 
to give every further facility in their power for considering 
and maturing proposals for the construction of light 
railways to be submitted to them. The present address 
of the Light Railway Commission is 54, Parliament Street, 
and communications should be on foolscap paper written 
upon one side only. It is mainly the prescribed notice to 
frontages, as stated on pages 286 and 293, that has to be 
considered in deciding whether a scheme shall be proposed 
as a light railway, tramroad, or tramway in country districts. 

General Summary (Plan). 
The following data should be read through in the com- 
pletion of every railway plan in order to ascertain that the 
descriptions are properly shown upon the plans to be 
deposited. 

(a) Title to be given. 

{d) Centre line to be shown. 

I. — Commencement of railway. 
2. — Junction with railways. 
3. — Mile and furlong points. 

4. — Termination of railway — ^length in miles, furlongs, 
and chains. 
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5. — Junction of railway at end of line. 

6. — Ditto with branches. 

7. — Plan showing 800 yards each way, existing railway. 

8. — Radii of curves under one mile, in furlongs and chains. 

9. — County and parish and townships. 
10. — Sheet No. 

II. — Limits of deviation (to be closed). 
12. — Reference numbers. 

13. — Road diversions or stopped up to be shown. 
14. — Tunnel and viaduct lengths. 
15. — Tunnel dotted. 
16. — Cut and cover, not tunnel. 
17. — Viaduct. 
18. — Scales. 

19. — Board of Trade copy, tidal waters blue. 
20. — Parish and county and township boundaries. 
21. — Cut lines. (See plan agrees ) 
22. — Letter plan where cross sections require same. 
23. — Enlargements. (See Enlargements A, &c.) 
24. — Authorised railways to be shown, centre line. 
25. — Show by dotted line existing tunnels, and describe. 
26. — Datum point marked on plan. 

 Section, — An accurate plan is important in order to make 
an accurate section. (See page 163.) The section con- 
nected with a Parliamentary Plan is seldom chained from 
end to end, but its position in open country is measured from 
well defined points on the plan in the nearest fences within 
the limits of deviation, and in towns from the corners of 
buildings shown on the plan, so as to work in straight 
portions and curves correctly. These measurements should 
be scaled off the original corrected map in the office, 
and figured upon the tracing that is to be used for setting 
out in the field. Fig. 2 shows a portion of a parliamentary 
section, in which it will be observed that according to the 
Standing Orders the section is drawn to the same horizontal 
scale as the plan. (See pages 245-247.) 

The section shall be drawn to a vertical scale of not less 
than one inch to every 100 feet, and show the surface 
of the ground marked on the plan, the intended level of the 
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proposed work, the height of every embankment and the 
depth of every cutting, and a datum horizontal line, which 
shall be the same throughout the whole length of the work, 
or any branch thereof respectively, and is referred to 
some fixed well defined point (stated in writing on the 
section), near some portion of such work, and in the case 
of a canal, cut, navigation, public carriage road or railway, 
near either of the termini. It is therefore important 
to see that the datum point is clearly shown upon the 
plan and properly described upon the section. Where for 
convenience of checking the section, the Ordnance levels 
have been followed, and an Ordnance bench mark has been 
adopted as the fixed datum point, it must be referred to as 
a mark cut thus 7k upon the defined position as stated in 
fig. 2 without describing it as an Ordnance mark. The 
point should be indicated upon the plan in its exact position, 
but it is well not to trust to the stated level of a single 
Ordnance bench mark in determining the level of a starting 
point without checking it with other Ordnance bench 
marks near at hand. The mileage and furlong ticks must 
be shown to correspond with the plan. Where the level of 
any road is intended to be altered in making any public 
work, the ascent of any turnpike road, or of any road if in 
Ireland so defined in the Railway Clauses Consolidation 
Act, 1845, shall not be more than one foot in 30 feet, and 
of any other public carriage road not more than one foot in 
20 feet, and a good and sufficient fence of from four feet 
high at the least shall be made on each side of every bridge 
which shall be erected. Any deviation from this regulation 
needs a report thereon from some officer of the Board of 
Trade, which shall be considered when the bill comes 
before a Committee of the House. 

Railway. 

Plans and Sections. — The following regulations for rail- 
ways must be observed in the case of all public roads 
that are crossed upon the level. All other public roads 
are noted upon the section, and the method of dealing with 
them particularly described. 
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Clear width of under bridge or 



approach 



o^ 



."} 



Public Public Occupation 

road. road. road, 

ft. in. ft. in. _(*•_!"• 

35 o 25 o 12 o 






46 46  4^/6' 



Clear height of under bridge I /- 

for a width of 12 ft. ... ) ^ ° r. ."T 

Ditto for a width of 10 ft. ... — ^5 ° , -1-. 

Ditto for a width of 9 ft. ... — — r4 b 

Ditto at springing ... ... 120 120 

Over bridge height of parapets 
above the level of the rails 

Under bridge, height of para- 
pets above the level of the }> 4 6 46 46 

^flflld ••• ••• ••• 

Least thickness of parapets 18 in. in the case of under 

bridges and viaducts 
Approaches inclination ... i in 30 i in 20 i in 16 

Ditto height of fencing ... 30 30 30 

Widths of centres allowed in calculation. — See page 319. 

Maximum deviations of leveL — In towns, 2 feet are 
allowed. In the country, 5 feet. Maximum deviations of 
gradient for railways, — Gradients flatter than i in 100, 
deviation 10 feet per mile steeper is allowed, but when 
steeper than this gradient, 3 feet per mile steeper is the limit. 

In every section of a railway, the line of the railway 
marked thereon shall correspond with the upper surface 
of the rails, and the horizontal distances on the datum line 
are marked in miles and furlongs, to correspond exactly in 
length with those on the plan, and also with the horizontal 
scale drawn upon the plan. Hence, in fixing the position 
of points for plotting the levels off the plan, it is well to 
measure from the furlong ticks, and to see that the relative 
position of such points correspond accurately upon both the 
plan and section. 

Either the horizontal and vertical scales must he 
drawn upon each sheet or upon the first sheet, giving 
scales only as a separate sheet and applicable for all 
sheets. A vertical measure from the datum line to the line 
of the railway should be legibly written in feet and inches, 
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or decimal parts of a foot, at the commencement and 
termination of the railway, and also at each change of the 
gradient or inclination thereof ; and the proportion or rate 
of inclination between every two consecutive vertical 
measures should also be indicated. These vertical heights 
must scale accurately to the vertical scale drawn upon the 
plan, and the gradients require therefore to be very 
accurately calculated from the vertical heights written upon 
the section and from the scaled horizontal distances. The 
rail level is described as '* line corresponding with upper 
surface of rails." In the case of a tramway, the gradients 
of the road on which each tramway is proposed to be laid 
should be indicated upon the section. 

Wherever the line of the railway is intended to cross any 
public carriage road, navigable river, canal, or railway, the 
height of the railway over or depth under the surface thereof, 
and the height and span measured on the square of every 
arch of all bridges and viaducts by which the railway will be 
carried over the same, should be marked in figures at every 
crossing thereof. The depths of all cuttings and embank- 
ments at their deepest points when over 5 feet above or 
below rail level should be figured on the section to the 
surface level. The datum for railway No. 2 may be 
described, if desired, as " datum same as for railway No. ..." 
and so also for other proposed lines. 

Where the railway is proposed to be carried across 
any such public carriage road or railway on the level 
thereof, such crossing shall be so described on the section ; 
and if such level will be unaltered, it shall be stated thus : 
" Road level unaltered," and the span and height of arch 
stated according to the preceding table (page 270). There is 
no occasion to burden the section by unnecessary work for 
the lithographers, such as writing up the words " street " or 
" road " to an occupation road. It is not necessary to write 
" public road " upon the section. This is no more needed 
than to describe a field as " arable " in the book of 
reference. The very fact of noticing the road on the 
section proves it to be public, but nevertheless it is 
frequently so described. The diameter of all culverts must 
be shown. If any alteration be intended in the water-level 
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of any canal, or in the level or rate of inclination of any 
public carriage road, or railway, which is proposed to be 
crossed by the line of railway, then the same shall be stated 
on the section, and each alteration is numbered ; and cross 
sections, in reference to their numerical order, on a hori- 
zontal scale of not less than i inch to every 330 feet, and 
on a vertical scale of not less than i inch to every 40 feet 
are added, which show the present surface of such road, 
canal, or railway, and the intended surface thereof when 
altered ; and the greatest of the present and intended rates 
of inclination of the portion of such road or railway 
intended to be altered should also be marked in figures 
thereon. 

Where any important road or public carriage road is crossed 
on the level, a cross section of such road should also be 
taken whether the level is required to be altered or not, and all 
such cross sections should extend for 200 yards on each side 
of the centre line of the railway. A length of 10 chains (220 
yards) is generally the distance which is measured on cither 
side of the proposed centre line of the railway for this purpose. 
In such cross sections the surveyor first fixes the height by 
scale, and writes on in feet and inches the greatest depth of 
cutting or height of bank connected therewith. It is 
necessary to remember that the cross section should show, 
in figures as well as by measurement, the present level and 
the intended level of the road ; but the greatest inclination 
of the present road is not to be taken at the steepest point 
within the 200 yards upon each side of the line, but between 
the points within which the road is to be altered. Or if no 
alteration is required the description will be '* public road 
level unaltered and crossed on the level," height written 
on as o*oo, or if altered, then ** public road to be raised 
feet, see C. S. No. ." 

In the case of railways, the Act, when necessary, may 
provide clauses as follows : — 

Power to divert roads as shown on deposited plans. — 
The company may also obtain power by a clause in 
their Act to divert, alter, and stop up in the manner 
shown upon the deposited plan and section any roads 
delineated on the said plan, and described in the deposited 
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book of reference, and when and as in each case the new 
portion of any road is made to the satisfaction of two Justices 
of the Peace, and is open for public use, may stop up and 
cause to be discontinued as a road so much of the existing 
road as will be rendered unnecessary by the new portion of 
road, and when and so soon as each of the said roads is so 
stopped up, all rights of way over the same shall cease, and 
the company may, subject to the provisions of the Railways 
Clauses Consolidation Act, 1845, ^^^^ respect to mines 
lying under or near to the railway, appropriate and use for 
the purposes of their undertaking the site of the road 
stopped up as far as the same is bounded on both sides by 
lands of the company. 

Referring to the inclination of roads, — In altering for the 
purposes of the widening No. at by 

this Act authorised, the roads numbered on the deposited 
plans and in the parish 

of the company may make the same 

of any inclinations not steeper than one in sixteen. 

Width of a certain roadway, — The company may make 
the roadway over the bridge, by which the road numbered 
on the deposited plans in the parish of 

will be carried over the widening No. 
at of such width between the fences 

thereof as the company think fit, not being less than 10 feet. 

Height of a certain bridge, — The company may make the 
arch of the bridge for carrying the widening No. at 

over the road numbered on the deposited 
plans in the parish of 

of any height not less than 14 feet 6 inches. 

If any bridge or viaduct of more than three arches 
shall intervene in any embankment, or if any tunnel shall 
intervene in any cutting, the length and extreme height 
or depth are usually marked upon the section in figures 
on each of the parts into which such embankment or cutting 
is divided by such bridge, viaduct, or tunnel, so that 
at each end of the viaduct or tunnel the height from the rail 
level to the surface shall be written thereon, also the greatest 
height from the rail level to the surface and the length in 
yards measured horizontally to accord with the plan. 
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Where tunnelling, as a substitute for open cutting, or a 
viaduct as a substitute for solid embankment is intended, 
the same shall be marked on the section, and, as stated 
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above, no work shall be shown as tunnelling in the making 
of which it will be necessary to cut through or remove th.-^ 
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surface soil. The word ** tunnel" should also be written 
along it, but covered way must not be so indicated. 

Where an authorised line of railway is crossed by the 
proposed line, it is well to indicate the level of rails in order 
to show that the position of the authorised line has been 
duly considered, and to figure the height from the datum as 
authorised, taking it from the deposited section of the 
authorised railway. Where a tramway is crossed the sur- 
veyor should figure the height on the section in the same way. 

Fig. 6 (page 274) gives an example of the half-mile 
sections which have to be taken, when a railway is intended 
to form a junction with an existing or an authorised line 
of railway. 

In taking a longitudinal section for a railway ever country 
of variable level, where the whole line cannot be chained 
from end to end, it is very important to have a correct plan 
upon which the centre line is drawn. The distance at 
which the centre line crosses each fence can be scaled from 
the intersection of fences, a gate, or some other defined 
point, and measured in the field with the use of a chain or 
with the employment of a tape and arrows. The centre 
line between two fences in which points have been thus 
determined can then be chained and levels taken at 
any required points. If the line be curved between such 
fences, the line joining them can be used when so marked 
out as a base-line for offsets scaled upon the plan, from 
which to set out the centre line required, and laths inserted 
to guide the chain. The position of points set out in the 
fences can be marked temporarily with pieces of news- 
paper, placed in the hedge branches or in the joints of a 
fence, by which means the formidable action of carrying 
ranging rods is dispensed with. Frequent temporary bench 
marks should be made along the section by taking the level 
of several fixed points as near the centre line as possible, so 
that in the event of any alteration in the centre line being 
found necessary, the fresh portion of a new section can be 
easily connected to the plotting of the old section. The top 
of the bottom hooks to gates in a fence are frequently called 
into requisition for temporary bench marks in this way. 
(See page 173.) The centre line as set out should be based 
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upon a trial section, furnishing high and low points obtained 
from a series of flying levels fixed in position on the plan. 
The trial section is usually plotted from spot levels specially 
arranged to suit the crossing of roads. 

In cases of river bills for improving the navigation of any 
river, there should be a section which should specify the 
levels of both banks of such river ; and where any altera- 
tion is intended to be made therein, this section must 
describe the same by feet and inches, or decimal parts of 
a foot. 

General Summary (Section). 
The following data should be read through in the 
completion of every railway section, in order to ascertain 
that the requirements of the standing orders for deposited 
sections have not been overlooked in any particulars : — 
I. — ^The datum to be described. 
2. — The surface of ground, describe. 
3. — Line corresponding with upper surface of rails. 
4. — Commencement of railway, junction with, &c. 
5. — Miles and furlongs on the datum. 
6. — Termination of railway, length in miles, furlongs, 

and chains. 
7. — Junction with railways and branches. 
8. — Section of 800 yards at junctions each way. 
9. — Gradients, heights at ends. 
10. — Banks and cuts over 5 feet. 
1 1. — Heights of roads above or below rails in feet and 

inches, calculate from gradients. 
12. — Note all roads and streets as " roads." 
13. — Describe {a) if altered in level, {b) if diverted, {c) if 
unaltered. Reference to cross section number, 
14. — Cross sections level of road when road altered (a) 
rail level, {b) present inclination, (c) when 
altered. (See page 272.) 
15. — Height and span of arches. 
16. — Lengths of tunnels and viaducts. 
17. — Span and heights of nearest bridges over canals and 

navigable rivers. 
18. — Scales. 
19. — Tidal rivers' level high and low tidal waters. 
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20. — Cut line. 

21. — Tunnel of existing railway or canal. 

22. — Level of rails in lines authorised. 

23. — Gradients at junctions to correspond. 

Deposits on or before the ^oth November, — In cases 
of bills of the second class, a plan and also a duplicate 
thereof, together with a book of reference thereto, and a 
section and also a duplicate thereof, as hereinafter described, 
and in cases of bills of the first class by which any lands or 
houses are intended to be taken, a plan and duplicate there- 
of, together with a book of reference thereto, shall, under 
the Standing Orders, be deposited for public inspection 
at the office of the clerk of the peace for every county, 
riding, or division in England or Ireland, or in the 
office of the principal sheriff clerk of every county in 
Scotland, and where any county in Scotland is divided into 
districts or divisions, then also in the office of the principal 
sheriff clerk in or for each district or division in or through 
which the work is proposed to be made, maintained, varied, 
extended, or enlarged, or in which such lands or houses are 
situate. 

In the case of railway bills, the Ordnance map, on the 
scale of I inch to a mile, or where there is no Ordnance map, 
a published map, to a scale of not less than half an inch 
to a mile (or in Ireland, to a scale of not less than a quarter 
of an inch to a mile), with the line of railway delineated 
thereon, so as to show its general course and direction, 
has to be deposited with such copy of plan, section, and 
book of reference ; and in the case of railway bills a copy 
also has to be deposited in the Private Bill Office of the 
House of Commons, and in the office of the Clerk of the 
Parliaments (House of Lords). Further deposits with urban 
district councils and generally as required by the Standing 
Orders must receive attention. 

The House of Commons provides for the clerks of the 
peace or sheriff clerks or their respective deputies, to make 
a memorial in writing upon the plans, sections, and books 
of reference deposited with them, denoting the time at 
which the same were lodged in their respective offices, and 
that at all reasonable hours of the day any person may 
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examine one of the same, and make copies or extracts 
therefrom. One of the two plans and sections so deposited 
is sealed up and retained in the possession of the clerk of 
the peace or sheriff clerk until called for by order of 
one of the two Houses of Parliament. In cases of bills 
whereby it is proposed to alter or extend the municipal 
boundary of any city, borough, or urban sanitary district, a 
map on a scale of not less than 3 inches to a mile, and also 
a duplicate thereof, showing as well the present boundaries 
of the city, borough, or urban sanitary district as the 
boundaries of the proposed extension, is deposited with 
the town clerk of such city or borough, or clerk of such 
urban sanitary district, who shall at all reasonable hours 
of the day permit any person to view and examine such 
map, and to make copies thereof. Thus surveyors are 
often called upon to make copies of deposited plans and 
sections at these offices ; or in London, at the Private Bill 
Office, for the use of opponents to the proposed undertaking. 
At the latter office a fee of five shillings is usually paid for 
inspection, and a fee of one sovereign for the privilege of 
tracing thewholeorany portion of a deposited plan and section. 
The Standing Orders require in cases affecting harbours, 
tidal waters, or navigation, where the work is to be situate 
on tidal lands within the ordinary spring tides, that a copy 
of the plans and sections shall, on or before the 30th day 
of November immediately preceding the application for the 
bill, be deposited at the office of the Harbour Department, 
Board of Trade, marked " Tidal Waters," and on such copy 
all tidaj waters shall be coloured blue, and if the plans 
include any bridge across tidal waters the dimensions must 
be obtained by the surveyor, as regards span and headway 
of the nearest bridges, if any, across the same tidal waters 
above and below the proposed new bridge. Every crossing 
of a railway and tramway should be specified as to the 
crossing, over, under, or on the level, and is marked upon 
the deposited copy, and in all such cases such plans and 
sections are accompanied by an Ordnance or published map 
of the country over which the works are proposed to 
extend, or are to be carried, with their position and extent 
or route accurately laid down thereon. 
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In the case of railway, tramway, subway, and canal 
bills, a copy of all plans, sections, and books of reference 
required to be deposited in the office of any clerk of the 
peace or sheriff clerk (and in the case of railway bills also 
a copy of the said Ordnance or published map, with the line 
of railway delineated thereon), shall, on or before the 30th 
day of November immediately preceding the application 
for the bill, be deposited in the office of the Board of 
Trade. 

As to conservators, and in cases where the work is to be 
situate on the banks, foreshore, or bed of any river, having 
a board of conservators constituted by Act of Parliament, a 
copy of the plans and sections is, on or before the 30th 
day of November immediately preceding the application 
for the bill, to be deposited at the office of the conservators 
of that river ; and if the plans include any tunnel under, or 
bridge over the river, the dimensions as regards depth 
below bed of the river, and span and headway shall be 
marked thereon, and such plans are, as in the case of 
harbour, tidal water, or navigation schemes, accompanied 
by an Ordnance or published map of the country over 
which the works are proposed to extend, or are to be 
carried, with their position and extent or route accurately 
laid down thereon. 

The span and headway are noted upon the section, and 
in case the section is not upon the same sheet as the plan, 
the surveyor writes upon the plan : — " Note. — For span 
and headway see sheet No. of section .*' It is 

sufficient to name 10 feet headway for inland navigation, 
leaving the actual additional headway to be granted as a 
matter of agreement with the authorities during construction. 

On or before the 30th day of November, in cases where 
any portion of the work shall be situate within the limits of 
the metropolis, as originally defined by **The Metropolis 
Management Act, 1855," a copy of so much of the plans 
and sections as relates to such pdrtion of the work shall be 
deposited at the office of the London County Council, 
Spring Gardens. 

Parish Deposits, — It is also prescribed that on or before 
the 30th day of November, a copy of so much of the 
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said plans and sections as relates to each parish in or 
through which the work is intended to be made, main- 
tained, varied, extended or enlarged, or in which any lands 
or houses, intended to be taken, are situate, together with 
a copy of so much of the book of reference as relates 
to such parish, shall be deposited with the parish clerk of 
each such parish in England, or, in the case of any extra- 
parochial place, with the parish clerk of some parish 
immediately adjoining thereto, or in case of any place within 
the limits of the metropolis, as originally defined by the 
" Metropolis Management Act, 1855," with the clerk of the 
vestry of each parish in schedule A., and with the clerk of 
the district board of parishes, in Schedule B. of the said 
Act, with the session clerk of each such parish in Scotland, 
and in royal burghs with the town clerk, and with the clerk 
of the union within which such parish is included in Ireland. 

The making up of the parish deposits from the printed 
sheets, as far as applicable, is a responsible duty generally 
executed at the lithographer's office under the special direc- 
tion of the engineer and the solicitor. 

Deposits at the Home Office, — The following deposit of 
plans, &c., at the Home Office, must receive attention. 
Where, by any bill, power is sought to take any churchyard, 
burial ground, or cemetery, or any part thereof, or to disturb 
the bodies interred therein, or where power is sought to take 
any common or commonable land as the case may be, 
a copy of so much of the plans, sections, and books of 
reference required by the Standing Orders to be deposited in 
the Private Bill Office of the House of Commons, or in the 
office of the Clerk of the Parliaments (House of Lords), in 
respect of such bill as relates to such churchyard, burial 
ground, or cemetery, common or commonable land, shall, on 
or before the 30th day of November, be deposited at the 
office of the Secretary of State for the Home Department, 
and* a copy of so much of the said plan, section, and 
book of reference as relates to such commonable land, 
shall on or before the said date be deposited at the office 
of the Board of Agriculture. The order in the House 
of Commons adds a similar provision for bills in which 
power is sought to take any common or commonable land 

N 
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as the case may be. With regard to sanitary authorities, 
it is prescribed that on or before the 30th day of November, 
a copy of so much of the said plans and sections as relates 
to the district of any urban sanitary authority in England 
or Ireland, in or through which the work is intended to 
be made, maintained, varied, extended, or enlarged, or in 
which any lands or houses intended to be taken, are situate, 
together with a copy of so much of the books of reference 
as relate to that district, shall be deposited with the clerk 
of that sanitary authority. 

Deposit of tramway itiap at the office of Board of Trade, — 
On or before tiie 30th November, in the case of 
application for bills or provisional orders to lay down 
a street tramway, a published map of the district on a 
scale of not less than six inches to a mile (or if no 
map on such a scale be published, then the best map 
obtainable), with the line of the proposed tramway marked 
thereon, and a diagram on a scale of not less than two 
inches to a mile has to be prepared for deposit at the office 
of the Board of Trade. 

Gas and Water, — The map required to be deposited 
on or before the 30th day of November by the Gas 
and .Waterworks Facilities Act, 1870, must be on a 
scale of not less than six inches to the mile, and 
must show distinctly the situation of the land proposed 
to be used for the manufacture of gas, or of residual 
products arising in the manufacture of gas, in rela- 
tion to the adjoining lands and premises, and to the 
urban sanitary district generally. The plan and section of 
any proposed new works required to be deposited on or 
before the day aforesaid must be on a scale of not less than 
one inch to the 50 feet, and must, as far as i)racticable, . 
show the general arrangement, elevation, and character of 
the proposed works. In any case where any part of the 
w^orks would be situate on lands where the ordinary spring 
tide flows, the site of such lands must be coloured blue on 
the map and plan. A copy of such map and plan coloured 
in like manner, and marked "Tidal Waters," shall be 
deposited at the Board of Trade on or before the date last 
aforesaid. 
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Under the Board of Trade regulations, the plans and 
sections to be deposited in all cases of application for 
provisional orders must be such plans and sections as are 
required by the Standing Orders of the House of Commons, 
when an Act is being applied for by means of a private bill. 
The Ordnance sheet (or if no Ordnance sheet is published, 
a general key map), showing the exact position of the 
proposed works, is also required to be deposited. Duplicates 
of the deposits made at the Board of Trade have at the 
same time to be deposited in the Private Bill Office of the 
House of Commons and in the office of the Clerk of the 
Parliaments, House of Lords. 

Notices and applications to owners^ lessees, and occupiers 
of lands and houses. — On or before the 15th day of Decem- 
ber, immediately preceding the application for a bill by 
which any land or houses are intended to be taken, or an 
extension of the time granted by any former Act for that 
purpose is sought, application in writing has to be made to 
the owners or reputed owners, lessees or reputed lessees, 
and occupiers of all lands and houses so intended to be. 
taken, or which may be taken as being within the limits of 
deviation defined upon the plan. 

In cases of bills of the second class in the Commons, or 
of local bills of the second class in the Lords, such applica- 
tion must be, as nearly as may be, in the form provided by 
the standing orders, which notice states that application is 
intended to be made to Parliament in the ensuing session 
for a certain Act, and that the property mentioned in the 
schedule annexed (pages 283, 284), or some part thereof — in 
the case of important buildings referenced as warehouses 
or manufactories in towns, it is important for the solicitors to 
state in the notice whether " the whole " or only ** a portion " 
referred to under a stated number is needed to be taken — 
in which the party addressed is believed to be interested as 
therein stated, will be required for the purposes of the said 
undertaking, according to the line thereof as at present laid 
out, or may be required to be taken under the usual powers 
of deviation to the extent of yards on either side of 

the said line, which will be applied for in the said Act. Also, 
that a plan and section of the said undertaking, with a book 
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of reference thereto, have been or will be deposited (as pro- 
vided by the standing orders) at the place named in this 
notice. Further, that the party so addressed may be 
required to sell and convey a part only of the property 
numbered on the deposited plans, and that as the 

promoters of the undertaking are required to report to Par- 
liament whether assent or dissent from the proposed under* 
taking is expressed, or whether the party named is neuter 
in respect thereto, an answer of assent, dissent, or neutrality 
in the form left therewith is requested to be returned 
duly signed on or before the day 

of next; and if there should be any 

error or misdescription in the annexed schedule, it is 
requested that information necessary to correct the same 
may be forwarded without delay. 



Schedule referred to in the foregoing Notice, 
describing the property therein alluded to. 
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The first column is now usually divided into two 
headings : — (i) Property to be taken compulsorily. (2) 
Property on which an improvement charge can be made. 



Schedule referred to in the foregoing Act, 

DESCRIBING LaNDS, BUILDINGS, AND MANUFACTORIES 
WHEREOF PORTIONS ONLY ARE REQUIRED TO BE TAKEN 

BY THE Company. 



No. on 

Deposited 

Plans. 




Description of Property. 



Relinquishment of Act, — On or before the 15 th day of 
December immediately preceding the application for a bill, 
whereby the whole or any part of a work authorised by any 
former Act is intended to be relinquished, notice in writing 
of such bill has to be served upon the owners or reputed 
owners, lessees or reputed lessees and occupiers of the lands 
in which any part of the said work intended to be thereby 
relinquished is situate. 

Under the Board of Trade rules the notices prescribed by 
the Standing Orders to be served on or before the isth day 
of December have to be observed in all applications for 
Provisional Orders. 
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Separate lists are subsequently made of the names of such 
owners, lessees, and occupiers, distinguishing those who 
have assented, dissented, or are neuter in respect to such 
application, or who have returned no answer thereto ; and 
where no written acknowledgment has been returned to an 
application forwarded by post, or where such application has 
been returned as undelivered at any time before the niaking- 
up of such lists, the direction of the letters in which the 
same was so forwarded is inserted therein. 

Water, — And on or before the 15th day of December, 
notice in writing shall be given to the owners or reputed 
owners, lessees or reputed lessees, and occupiers of all mills 
and manufactories, or other works using the water of such 
stream for a distance of 20 miles below the point at which 
such water is intended to be abstracted, such distance to 
be measured along the course of such stream, unless such 
waters shall within a less distance than 20 miles fall into or 
unite with any navigable stream, and then only to the 
owners or reputed owners, lessees or reputed lessees, and 
occupiers of such mills or manufactories or other works, as 
aforesaid, which shall be situate between the point at which 
such water is proposed to be abstracted and the point at 
which such water shall fall into or unite with such navigable 
stream. Hence it is necessary for the surveyor to examine 
the course of such streams. The notice shall state the 
name (if any) by which the stream is known at the point 
at which such water shall be immediately abstracted, and 
also the parish in which such point is situate, and the time 
and place of deposit with the clerks of the peace and sheriff 
clerks, as the case may be, for reference to the plans, 
sections, and books of reference, and copies of the gazette 
notice- respectively. 

Cemetery^ Gas Works , Sewage Works, — On or before 
the 15th day of December immediately preceding the 
application for a bill for making a cemetery or burial 
ground, or for constructing gasworks or sewage works, or 
works for the manufacture or conversion of the residual 
products, notice shall be served upon the owner, lessee, 
and occupier of every dwelling-house situate within three 
hundred yards of the limits within which such cemetery 
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or burial ground may be made or such works may be 
constructed, and the surveyor is called upon to report the 
position of such houses so situated. In the case of a 
provisional order similar notice must be given when works 
are proposed to be constructed for the storage of gas. 

Under the Board of Trade rules provision is made as 
in the case of tramways for notice to be given to owners 
and lessees of railways, tramways, and canals on or 
before the 15th day of December immediately preceding 
the application for any provisional order for constructing 
gasworks or waterworks, or works connected therewith 
whereby it is proposed to lay any pipes along or across any 
railway, tramway, or canal, or otherwise to affect or interfere 
with such railway, tramway, or canal, notice in writing of 
such application shall be served upon the owner or reputed 
owner, and upon the lessee or reputed lessee of such railway, 
tramway, or canal, and such notice shall state the place or 
places at which the plan of the works to be authorised by 
such order has been or will be deposited. Every such 
notice must state that any clause which such owners or 
lessees may desire to have inserted in the order must be 
submitted to the Board of Trade on or before the 15th 
February. 

Tramway, — On or before the 15th day of December 
immediately preceding the application for a bill or pro- 
visional order for laying down a tramway, notice in writing 
has also to be given to the owners or reputed owners, 
lessees or reputed lessees, and occupiers of all houses, 
shops, or warehouses abutting upon any part of the said 
highway, where, for a distance of 30 feet or upwards, a less 
space than that specified in page 264 shall intervene between 
the outside of the footpath on either side of the road and 
the nearest rail of the tramway. 

On or before the 15th day of December immediately 
preceding the application for any bill or provisional order 
for laying down a tramway crossing any railway or tramway 
on the level, or crossing any railway, tramway, or canal by 
means of a bridge, or otherwise affecting or interfering 
with such railway, tramway, or canal, notice in writing of 
such application is served upon the owner or reputed 
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owner, and upon the lessee or reputed lessee of such 
railway, tramway, or canal, and such notice shall state the 
place or places at which the plans of the tramway to be 
authorised by such bill have been, or will be, as required, 
deposited. 

The Board of Trade rules provide that iti the case of a 
provisional order, any such notice must state that any clause 
which such owner or lessee may desire to be inserted in 
the order must be submitted to the Board of Trade on or 
before the 15 th February. 

Bi^/. — On or before the 17th December, a printed copy 
of every local bill, proposed to be introduced into either 
House of Parliament, is deposited by the Parliamentary 
agent in the office of the Clerk of the Parliaments ; and on 
or before the 21st December, every petition for a private 
bill, headed by a short title descriptive of the undertaking, 
corresponding with that at the head of the advertisement, 
together with a declaration signed by the agent, and a 
printed copy of the bill annexed, is deposited in the Private 
Bill Office of the House of Commons ; and such petition, 
bill, and declaration shall be open to the inspection of all 
parties; and printed copies of the bill are also delivered 
therewith for the use of any member of the House or agent 
who may apply for the same. In such declaration the agent 
states to which of the two classes of bills such bill, in the 
judgment of the agent, belongs. 

And if the proposed bill shall give power to effect any of 
the following objects, that is to say : — (i) Power to take any 
lands or houses compulsorily, or to extend the time granted 
by any former act for that purpose. (2) Power to levy tolls, 
rates, or duties ; or to alter any existing tolls, rates, 
or duties; or to confer, vary, or extinguish any 
exemption from payment of tolls, rates, or duties, or to 
confer, vary, or extinguish any other right or privilege. 
(3) Power to amalgamate with any other company, or to sell 
or lease their undertaking, or to purchase or take on lease the 
undertaking of any other company. (4) Power to interfere 
with any crown, church, or corporation property or property 
held in trust for public or charitable purposes. (5) Power to 
relinquish any part of a work authorised by a former Act. 
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(6) Power to divert into any existing or intended cut, canal, 
reservoir, aqueduct, or navigation, or into any intended 
variation, extension, or enlargement thereof respectively, 
any water from any existing cut, canal, reservoir, aqueduct, 
or navigation whether directly or derivatively, and whether 
under any agreement with the proprietors thereof or other- 
wise. (7) Power to make, vary, extend, or enlarge any cut, 
canal, reservoir, aqueduct, or navigation. (8) Power to 
make, vary, extend, or enlarge any railway. Then the said 
declaration shall state which of such powers are given 
by the bill, and shall indicate in which clauses of the 
bill (referring to them by their number) such powers are 
given, and shall further state that the bill does not give 
power to effect any of the objects enumerated in this order 
other than those stated in the declaration. 

If the proposed bill shall not give power to effect any of 
the objects enumerated in the preceding order, the said 
declaration shall state that the bill does not give power to 
effect any of such objects. The said declaration shall also 
state that the bill does not give any powers, other than th.ose 
included in the notices for the bill. 

The clerks in the Private Bill Office of the House of 
Commons are particularly directed to take care, that in the 
examination of all private bills levying any rates, tolls, or 
duties on the subject, the names of Peers of Parliament, 
Peers of Scotland, or Peers of Ireland, are not to be 
inserted therein, either as trustees, commissioners, or 
directors of any company, except where such rates, tolls, or 
duties are made or imposed for services performed, and are 
not in the nature of a tax. 

On or before the 21st day of December, a printed copy of 
every private bill (Commons), or of every local bill (Lords), 
shall be deposited at the office of Her Majesty's Treasury, 
and at the General Post Office ; in the case of every rail- 
way, tramway, subway, gas, water, patents, electric lighting, 
and canal bill, and of every bill for incorporating or giving 
powers to any company, shall be deposited at the office of 
the Board of Trade. Also for every bill relating to any 
dock, harbour, navigation, pier, or port, or tidal water 
a copy shall be deposited at the office of the Fisheries and 
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Harbour Department of the Board of Trade, marked 
** Tidal Waters." Also for every bill whereby powfer is 
sought to take any churchyard, burial ground, or cemetery, 
or any part thereof, or to disturb the bodies interred 
therein, shall be deposited at the office of the Secretary 
of State for the Home Department. Also for every bill 
whereby application is made by, or on behalf of, any 
municipal corporation or local authority in England or 
Wales, for power in respect of any purpose to which the 
several acts specified in pait i of the schedule to "The 
Local Government Board Act, 187 1," relate, and of every 
bill relating to turnpike roads or trusts, highways or bridges, 
shall be deposited at the office of the Local Government 
Board. Also in the case of every bill of the second class, 
whereby any work shall be authorised within the limits of 
the metropolis, as originally defined by ** The Metropolis 
Management Act, 1855,'* shall be deposited at the office of 
the London County Council. And in the case of every 
bill of the second class, whereby it is intended to authorise 
the construction of any work on the banks, foreshore, or 
bed of any river having a board of conservators constituted 
by Act of Parliament, shall be deposited at the office of the 
Conservators of the river. 

On the 22nd day of December, between the hours of twelve 
and three, Parliamentary agents are allowed to exchange by 
agreement the numbers originally assigned to their petitions, 
alter which date, the final General List of Petitions is made 
out in the Private Bill Office, in which the petitions are 
numbered consecutively from one to the highest number, 
according to the order in which they have been finally entered 
in the register. This list is subsequently printed, and a copy 
can be obtained upon application at the Private Bill Office. 

In the case of provisional orders, the promoters are to 
deposit at the office of the Board of Trade on or before the 
23rd December : — 

I. " A memorial of the promoters, signed by them or one 
of them, headed with a short title descriptive of the under- 
taking or application (corresponding with that at the head 
of the advertisement), addressed to the Board of Trade, 
and praying for a provisional order. 
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2. " A printed draft of the provisional order as proposed 
by the promoters printed upon one side of the page of the 
paper so as to leave the back of the page blank, and care 
must be taken that any schedule annexed thereto begins 
a new page. 

3. "An estimate of the expense of the proposed new 
works, if any, signed by the person making the same. 

" They are also to deposit printed copies of each draft 
provisional order for public inspection at the Custom House 
(if any) of the port, sub- port, or creek to which the applica- 
tion relates, and also as in the case of Light Railways, a 
sufficient number of such printed copies at the office named 
in that behalf in the advertisement ; such copies to be 
there furnished to all persons applying for them at the price 
of not more than one shilling each." (See page 267.) 

Under the Board of Trade regulations the following 
documents, &:c., must be deposited in the case of application 
for a tramway, on the 23rd December, at the Board of 
Trade :— 

(i.) A complete list of every railway, tramway, and canal 
proposed to be crossed or otherwise affected or interfered 
with, together with the names and addresses of the owners 
or reputed owners and lessees or reputed lessees thereof, and 
certified copy of the notice served upon them. 

(2.) A complete list of the local authorities through whose 
districts the proposed tramway is to pass (including in such 
list the clerk to the Justices of the Peace in cases where it is 
proposed to cross county bridges), and if any such district 
is or forms part of a highway district, under the provisions 
of " The Highway Acts," a statement to that effect must 
accompany the deposit. (Where there is a road authority 
distinct from the local authority the name of such road 
authority must also be given.) 

Fee, — Under the Board of Trade regulations the 
promoters of a provisional order are further required to pay 
a fee of ^35 towards the expense of settling the provisional 
order ; this sum must be paid to the officer of the Board of 
Trade with whom the draft provisional order is deposited, 
and at the time of the deposit. 
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The draft provisional order which is to be deposited at 
the Board of Trade on or before the 23rd of December 
must be deposited in triplicate, accompanied by a copy of 
every private or local act, charter, deed, or other document 
of a like nature which is referred to therein, or which will 
be affected thereby. 

Estimate of Expense, — Engineers' estimates and pro- 
moters' declarations, with such lists of owners, lessees, 
and occupiers, which are required by the Standing Orders 
of the House, shall be deposited in the Private Bill 
Office of the House of Commons, and in the office of the 
Clerk of the Parliaments (House of Lords) on or before the 
31st day of December. 

On or before 31st December copies of the estimate of 
expense of the undertaking proposed by the bill, and where 
a declaration alone, or declaration and estimate of the 
probable amount of rates and duties, are required, copies of 
such declaration, or of such declaration and estimate, shall 
be printed at the expense of the promoters of the bill, and 
delivered at the Vote office for the use of the members of 
the House of Commons, at the Private Bill Office (House of 
Commons) for the use of any agent who may apply for the 
same, and at the office of the Clerk of the Parliaments for 
the use of the House of Lords. 

The estimate for any works proposed to be authorised by 
any railway, tramway, subway, canal, dock or harbour bill, 
is ordered to be in the following form, or as near thereto 
as circumstances may permit ;— 
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Session 

Estimate of the proposed (Railway) 



Line No. 
Length of Line 



Miles, f. ch. 



Whether 
Single or Double. 




£ s. d. 



Earthworks : 
Cuttings — Rock 

Soft Soil 
Roads 

Total 

Embankments, including Roads Cubic yds. 
Bridges — Public Roads Number 

Accommodation Bridges and Works 

Viaducts 

Tunnels 

Culverts and Drains , 

Metallings of Roads and Level Crossings 

Gatekeepers' Houses at Level Crossings 

Permanent Way, including Fencing : 

Cost per Mile. 
Miles, f. ch. 



at 



jC s. d. 



Permanent Way for Sidings, and Cost of Junctions 
Stations 



Contingencies 

Land and Buildings 



per cent. 



A. R. p. 



Total £ 



jG s. d. 
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The same details are employed for each branch and for 
the general summary of total cost. The first great item of 
expense in the construction of a Railway is the land, which 
is generally valued as accommodation land, consequently it 
is reckoned at a higher price per acre than would be appli- 
cable to a purchase of extent. The consideration of 
severance is always admitted in the value, notwithstanding 
that provision is made to compel a Company to take more 
land than required, when reduced to a certain small 
quantity. 

In the case of any bill by which power is sought to take by 
compulsion, or by agreement, twenty or more houses in any 
metropolitan parish, or ten or more houses inhabited by 
labouring classes outside the metropolis, the promoters are 
ordered to deposit in the Private Bill Office (House of 
Commons) and in the office of the Clerk of the Parlia- 
ments (House of Lords), on or before the 31st day of 
December, a statement of the number, description, and 
situation of such houses, the number (so far as then can 
be ascertained) of persons to be displaced, and provision 
is made in the bill for remedying any inconvenience 
likely to arise from such displacement, and such statement 
shall stand referred to the Committee on the bill. A 
copy of so much of the plan (if any) as relates thereto 
has also to be prepared by the surveyor who values the 
Land and Buildings to be deposited at the same time. 

Tramways. 

Under the Board of Trade rules for provisional orders 
notice to all such frontagers has to be given, and the notice 
must contain a notification that dissent from the tramway 
being so laid may be stated in writing addressed to the 
assistant secretary of the railway department of the Board 
of Trade, on or before the ist of January next ensuing, and 
that he must at the same time send a copy of his dissent to 
the promoters. 

In the case of Provisional Orders, proofs of compliance 
with the Tramways Act, 1870, and rules of the Board of 
Trade are made by the Agents by the ist January. Six 
days' notice will be given of the day and hour at which the 
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Agents are to attend for the purpose at the Board of Trade, 
and printed forms of proofs will accompany the notice. 
One of these forms should be filled up by the Parliamentary 
Agents and brought, with the requisite documents, to the 
Department at the time fixed for proof. 

Standing Order Examiners, — One or more officers in each 
House of Parliament act to see that the Standing Orders 
have been complied with. They are called in the Lords 
"the examiners of standing orders for private bills," 
appointed by the House ; and called in the Commons " the 
examiners of petitions for private bills," appointed by Mr. 
Speaker. The promoters of each bill are required to 
prove compliance with the Standing Orders of both 
Houses at the time appointed by these examiners. At 
the Private Bill Office of the House a register is kept, 
with blank lines numbered consecutively from i to 500, 
in which the Parliamentary agent enters the name of the 
petitions lodged by him, on such of the lines, riot then 
having any petition entered thereon, as he thinks fit ; and 
if he do not prescribe any order for the entry of such 
petitions, they are entered in the order in which they are 
deposited, upon the earliest consecutive lines then remain- 
ing unoccupied, and confirmed at the Parliamentary Agents' 
Conference held upon December 22nd, as previously stated. 

Not less than seven clear days' notice is given in the 
Private Bill Office of the day appointed for the examination 
of each petition, and the day so appointed is written against 
the several petitions upon a special copy of the printed copy 
of the "general list of petitions," which is kept in the 
Private Bill Office for that purpose. 

The petitions are set down for hearing before the 
examiners in the order in which they stand in the "general 
list of petitions," precedence being givtn whenever it may 
be necessary to unopposed petitions. 

The examination of the petitions for bills which shall 
have been duly deposited in the Private Bill Office (House 
of Commons), and in the office of the Clerk of the 
Parliaments (House of Lords), commences on the i8th 
day of January. In case the promoters do not appear at 
the time when the petition comes on to be heard, the. 
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examiner to whom the case is allotted strikes the petition 
off the ** general list of petitions," and the same cannot 
then be re-inserted except by order of the House. 

The examiner shall certify by indorsement on each 
petition whether the Standing Orders have or have not been 
complied with ; and, when they have not been complied 
with, he shall also report to the House the facts upon which 
his decision is founded, and any special circumstances 
connected with the case. 

Memorials complaining of non-compliance with the 
Standing Orders (of either House), applicable previously to 
the introduction of private bills, must be deposited in the 
Private Bill Office, House of Commons, as follows : — 

If the same relate to bills numbered in the general list 
published by the Private Bill Office of the House of 
Commons as follows : — 

'They must be depo- ' 
sited by the Par- 
liamentary agent 
biefore two o'clock 
on 

And in the House of Lords every memorial complaining 
of non-compliance with the Standing Orders in respect of any 
bill referred to the examiners after first reading, or in 
respect of any petition for additional provision, must, 
together with two copies thereof, be deposited in the office 
of the Clerk of the Parliaments before twelve o'clock on the 
day preceding that appointed for the examination. 

The examiner may admit affidavits in proof of the com- 
pliance with the Standing Orders or may require further 
evidence. 

The printed statements of proofs can be obtained at the 
Queen's printers, and forms a portion of the Parliamentary 
agent's work ; and where lists are annexed to affidavits, his 
name is to be entered in the statement of proofs as deliver- 
ing in such lists, followed by the names of the witnesses 
proving the service of notices or deposit of documents, as 
the case may be. 

With regard to memorials complaining of non-compliance 
with Standing Orders, the Standing Orders of both Houses 
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provide that any parties shall be .entitled to appear and to 
be heard, by themselves, their agents and witnesses, upon a 
memorial addressed to the Examiner, complaining of a non- 
compliance with the Standing Orders, provided the matter 
complained of be specifically stated in such memorial, and 
the party (if any) who may be specially affected by the 
non-compliance with the Standing Orders have signed such 
memorial, and shall not have withdrawn his signature 
thereto. 

The promoters of a Provisional Order must be prepared to 
prove compliance by the loth January with the provisions 
of the Act concerning the Standing Order requirement 
for deposit and publication. Six days* notice will be 
given of the day and hour at which the promoters are to 
attend for the purpose at the Board of Trade. Printed 
forms of proof will be supplied, which should be filled up 
by the promoters, and brought with the requisite documents 
to the Board of Trade at the time fixed for proof. 

Any objection to the provisional order which it is intended 
to urge on the Board of Trade must be sent in to that office 
before the 15th January. A copy of such objections must 
also be sent at the same time to the promoters; and in 
forwarding the objections to the Board of Trade, the 
objectors or their agents should state that this has been 
done. It is also established for the confirmation of the 
order by Act of Parliament that an order of the Board of 
Trade under this part of this Act shall not of itself have 
any operation, but the same shall have full operation, when, 
and as confirmed by Act of Parliament, with such modifica- 
tions, if any, as to Parliament may seem fit. 

In the House of Lords at the commencement of ev*: ry 
Session, a Standing Order Committee U appointed, 
consisting of forty lords, besides the Chairman of Com- 
mittees, who shall be always Chairman of such Standing 
Order Committee. Three of the lords so appointed, in- 
cluding the Chairman, form a quorum in all opposed 
cases. 

Three clear days' notice is given of the meeting of the 
Standing Order Committee. 

All certificates from the examiners in respect of bills 

o 
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in which they shall certify that the Standing Orders have 
not been complied with ' are referred to the Standing 
Order Committee, and the Committee report to the 
House whether the Standing Orders ought or ought not 
to be dispensed with, and in the former case, upon what 
terms and conditions, if any. All special reports from the 
examiners as to the construction of a Standing Order are 
referred to the Standing Order Committee, and the Com- 
mittee determine, according to their construction of the 
Standing Order, and on the facts stated in the report, 
whether the Standing Orders have, or have not been 
complied with, and they report accordingly to the House, 
and if the Committee report that a Standing Order has 
not been complied with, they also report whether such 
Order ought to be dispensed with, and upon what terms 
and conditions, if any. When an Examiner's certificate or 
special report is referred to the Standing Order Com- 
mittee, the Committee, if they think fit, hear the parties 
affected by any Standing Order referred to in such 
certificate or special report, provided such parties have 
deposited in the office of the Clerk of the Parliaments, not 
later than three o'clock on the day before the day on which 
the Committee is appointed to meet, a statement (to be 
printed in all opposed cases) of the facts to be submitted to 
the Committee. Such statement shall be confined strictly to 
the points reported upon by the Examiner, and no party on 
the consideration thereof by the Committee shall be allowed 
to travel into any matter not referred to in his statement. 

The Examiner in the House of Commons in due course 
makes a report of the several cases in which he shall have 
certified that the Standing Orders have or have not been 
complied with in respect of any bills which, in pursuance of 
any report from the Chairman of the Committee of Ways 
and Means, shall originate in the House of Lords; and 
where they have not been complied with, he also reports, 
separately, the facts upon which his decision is founded, 
and any special circumstances connected with the case. 

In case the Examiner . feels doubts as to the due 
construction of any Standing Order in its application to a 
particular case, he makes a special report of the facts 
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without deciding whether the Standing Order has or has not 
been complied with; and in such case he endorses the 
petition with the words " Special Report," either alone, or 
if non-compliances with other Standing Orders shall have 
been proved, he adds, the words " Standing Orders not 
complied with." 

The Chairman of Ways and Means in the House of 
Commons, with not less than three other persons appointed 
by Mr. Speaker for such period as he shall think fit, 
are constituted Referees of the House on private bills ; 
such Referees forming one or more courts, three at least 
to be required to constitute each court, provided that 
the Chairman of any second court shall be a member of the 
House of Commons, and provided that no such Referee, if 
he be a member of the House of Commons, shall receive 
any salary. 

The Referees decide upon all petitions against private 
bills, or against Provisional Orders or provisional certifi- 
cates, as to the rights of petitioners to be heard upon 
such petitions, without prejudice, however, to the power 
of the Select Committee to which the bill is referred 
to decide upon any question as to such lights arising 
incidentally in the course of their proceedings. Only the 
costs of one counsel are allowed for appearance before such 
Referees in support of a private bill, or in support of any 
petition in opposition thereto, unless specially authorised 
by the Referees. 

The Select Committee to which any bill has been referred 
may, subject to the approval of the Chairman of Ways and 
Means, refer any question arising in the course of their 
inquiry, which they may deem suitable to be so referred, to 
the Referees for their decision, such question being stated in 
writing, and signed by the Chairman of the Committee. The 
Referees, so soon as their inquiry has been completed, 
return the question, with their decision certified thereon, 
to the Chairman. 

The Proceedings of the Select Committee on Standing 
Orders are conducted by a Committee in the Commons 
consisting of eleven members, nominated at the commence 
ment of every session, of whom five shall be a quorum. 
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When any report of the Examiner of Petitions for private 
bills, in which he reports that the Standing Orders have 
not been complied with, has been referred to the Select 
Committee on Standing Orders, and after the petition 
for the bill has been duly presented, they report to the 
House whether such Standing Orders ought or ought 
not to be dispensed with, and whether in their opinion the' 
parties should be permitted to proceed with their bill^ or 
any portion thereof, and under what (if any) conditions. 

The Select Committee on Standing Orders have the 
power to report on the cases referred to them in respect of 
private bills originating in the House of Lords, notwith- 
standing that the petitions for the same have not been 
presented to the House. 

When any special report from the Examiner of Petitions 
as to the construction of a Standing Order has been 
referred to the Select Committee on Standing Orders, they 
then determine, according to their construction of the 
Standing Order, and on the facts stated in such report, 
whether the Standing Orders have or have not been com- 
plied with, and they afterwards either report to the House 
that the Standing Orders have been complied with, or shall 
proceed to consider the question of dispensing with the 
Standing Orders, as the case may be. 

When any petition praying that any of the sessional or 
Standing Orders of the House relating to private bills may 
be dispensed with, stands referred to the Select Com- 
mittee on Standing Orders, they shall report to the House . 
whether such sessional or Standing Orders ought or ought 
not to be dispensed with. 

When any petition for the re-insertion of any petition 
for a private bill in the general list of petitions stands 
referred to the Select Committee on Standing Orders, they 
report to the House whether in their opinion such 
petition ought or ought not to be re-inserted, and, if re- 
inserted, under what (if any) conditions. 

Estimates and Deposit of Money, and Declarations in 
Certain Cases previous to the i^th January, — The estimate 
of the expense of the undertaking under each bill of the 
second class being made and signed by the person making 
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the same, a deposit has to be made prior to the 15 th day of 
January, in the case of a railway bill, tramway bill, or sub- 
way bill authorising the construction of works by other than 
an existing railway company, tramway company, or subway 
company incorporated by Act of Parliament, possessed of a 
railway, tramway, or subway already opened for public 
traffic, and which has during the year last past paid dividends 
on its ordinary share capital, and which does not propose to 
raise under the bill a capital greater than its existing 
authorised capital, a sum not less than five per cent, on the 
amount of the estimate of expense, or in the case of substi- 
tuted works, on the amount by which the expense thereof 
will exceed the expense of the works to be abandoned, and 
in the case of all bills other than railway bills, tramway 
bills, and sujjway bills, a sum not less than four per cent, 
on the amount of such estimate, or of such excess as afore- 
said, shall, previously to the 15th day of January, be deposited 
with the Paymaster-General for and on behalf of the Supreme 
Court of Judicature in England, if the work is intended 
to be done in England; or with the Paymaster-General 
for and on behalf of the Supreme Court of Judicature 
in England or with the Queen's and Lord Treasurer's 
Remembrancer on behalf of the Court of Exchequer in 
Scotland, if the work is intended to be done in Scotland; 
or with the Accountant-General of the Supreme Court 
of Judicature in Ireland, if the work is intended to be done 
in Ireland. 

Cases wherein a declaration is deposited, in which no 
deposit is required, occur where the work is to be made, 
wholly or in part, by means of funds, or out of money to be 
raised upon the credit of present surplus revenue, belong- 
ing to any society or company, or under the control of 
directors, trustees, or commissioners, as the case may be, 
of any existing public work, such parties being the pro- 
moters of the bill, a declaration stating those facts, and set- 
ting forth the nature of such control, and the nature and 
amount of such funds or surplus revenue, and showing the 
actual surplus of such funds or revenue, after deducting the 
funds required for purposes authorised by any Act or Acts 
of Parliament, and also the funds which may be required 
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for any other work to be executed under any bill in the 
same session, and given under the common seal of the 
society or company, or under the hands of some authorised 
officer, of such directors, trustees or commissioners, may 
be deposited, and in such case no deposit of money is 
required in respect of so much of the estimate of expense 
as shall be provided for by such surplus funds. 

Cases wherein a declaration and an estimate of rates may be 
deposited will transpire in cases of any bill under which no 
private or personal pecuniary profit or advantage is to be 
derived, and where the work is to be made out of money to 
be raised upon the security of the rates, duties or revenue 
already belonging to or under the control of the promoters, 
or to be created by or to arise under the bill, a declaration 
slating those facts, and setting forth the mesins by which 
funds are to be obtained for executing the work, and signed 
by the party or agent soliciting the bill, together with an 
estimate of the probable amount of such rates, duties or 
revenue, signed by the person making the same, may be 
deposited, and in such case no money deposit is required. 

In making the preliminary arrangements, the surveyor 
should also bear in mind the following restrictions as to 
mortgage. In the case of a railway bill, no company shall 
be authorised to raise by loan or mortgage a larger sum than 
one-third of their capital ; and, until fifty per cent on the 
whole of the capital shall have been paid up, it shall not be 
in the power of the company to raise any money by loan or 
mortgage. The House of Commons provide that the 
Committee upon the bill may report that such restrictions, 
or either of them, ought not to be enforced, with the 
reasons on which their opinion is founded. 

The same rule shall apply in the case of a tramway bill 
or subway bill, one-fourth of the capital being substituted 
for one-third. 

Proceedings of Committees on Opposed Bills. — In the 
House of Lords all opposed bills are placed in separate 
groups denoted by letters of the alphabet, to be referred to 
a separate Select Committee of five lords who must have 
no individual interest in the Tin'dertaking. Every such 
Committee sits at ii a.m. of the day appointed until 
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4 p.m. Any alteration of the hours needs the special 
leave of the House. The Committee is appointed by a 
committee of selection consisting of the Chairman of 
Committees and four other lords named by the House. 

In the House of Lords it is ordered that no petition 
praying to be heard upon the merits against any Local 
Bill or Provisional Order Confirmation Bill shall be 
received, unless the same is presented by being deposited 
in the Private Bill Office before 3 o'clock in the afternoon, 
on or before the seventh day after the day on which such 
Bill has been read a second time. 

No petition praying to be heard upon the merits against 
any Local Bill or any Provisional Order Confirmation Bill 
brought from the House of Commons shall be received, 
unless the same be presented by being deposited in the 
Private Bill Office before 3 o'clock in the afternoon, on or 
before the seventh day after the day on which such bill 
has been read a first time. 

In the House of Commons the Committee on every . 
opposed railway and canal bill, or group of railway 
and canal bills, is usually composed of four members 
and a Referee, or four members not locally or otherwise 
interested in the bill or bills referred to them; the 
Chairman to be appointed by the General Committee on 
railway and canal bills, and three other members by the 
committee of selection. The committee so appointed 
generally assemble at 11.30 or 12.0 o'clock. The time is 
announced in the printed notices of the House. 

The Chairman of the Committee of Ways and Means 
(House of Commons) shall, at the commencement of each 
Session, seek a conference with the Chairman of Com- 
mittees of the House of Lords, for the purpose of deter- 
mining in which House of Parliament the respective private 
bills should be first considered, and such determination 
shall be reported to the House. The Parliamentary Agents 
learn the decision and acquaint the promoters or their 
solicitors. 

" The Committee of Selection " consists of the Chairman 
of the Select Committee on Standing Orders, who shall be 
eX'Officio Chairman thereof, and seven other members, who 



303 LAND SURVEYING AND LEVELLING. 

are nominated at the commencement of every session, 
of which commiltee, three form a quorum. 

" The General Committee on Railway and Canal Bills " 
is nominated at the commencement of every session by the 
committee of selection, of which committee three form a 
quorum. 

The committee on every opposed private bill (not being 
a railway or canal bill), or group of bills, the groups being 
expressed by numbers, and the committee on any bill to 
confirm any Provisional Order or provisional certificate is 
composed of a chairman and three members and a Referee, 
or a chairman and three members not locally or otherwise 
interested in the bill or bills referred to them, to be appointed 
by the committee of selection. 

Committees are not allowed to proceed if more than 
one of their members be absent, unless by special leave of 
the House. 

When the bill has reached the Committee stage 
to be considered upon its merits, if it is opposed, a 
diagram is made or map prepared by the promoters 
showing the scheme to hang up in the Committee 
room. In the House of Commons, Committee room 
No. 19 measures 20 ft. 8 in. from ceiling to floor, and 
14 ft. 6 in. from ceiling to dado. The width of wall 
between windows and doors is 28 ft. 6 in., and the width 
of wall along windows or doors is 33 ft. 3 in., but in 
Committee rooms Nos. 7 and 14, the latter width between 
partition rooms is 22 ft. 9 in. The width of wall between 
doors is 18 fc. 6 in., and this is the wall best adapted for a 
map as it faces the light and can be inspected without turn- 
ing round, both by Members of the Committee and by the 
contending parties. Hence 18 ft. length by 14 ft. high or 
27 ft. 6 in. maximum length by 14 ft. high are suitable 
dimensions for Committee diagrams, but 18 ft. x 14 ft. 
or less is the most convenient size. 

No petition against a private bill or a bill to con- 
firm any provisional order * or provisional certificate, is 
considered by the committee on such bill which 
shall not distinctly specify the ground on which the peti- 
tioners object to any of the provisions thereof; and the 
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petitioners are only heard on such grounds so stated ; 
and if it shall appear to the said committee that such 
grounds are not specified with sufficient accuracy the com- 
mittee may direct that there be given in to the committee a 
more specific statement in writing, but limited to such 
grounds of objection so inaccurately specified. 

The petition must have been prepared and signed in strict 
conformity with the rules and orders of Parliament, and have 
been presented in due form and deposited in the Private Bill 
Office, in the case of private bills, not later than ten clear 
days after the first reading of such bill, and in the case 
of bills to confirm any Provisional Order or provisional 
certificate, not later than seven clear days after the 
Examiner shall have given notice of the day on which 
the bill will be examined, except where the petitioners 
shall complain of any matter which may have arisen during 
the progress of the bill before the said committee, or of any 
proposed additional provision, or of the amendments as pro- 
posed in the filled-up bill deposited in the Private Bill 
Office. 

It shall be competent to the Referees on private bills to 
admit petitioners to be heard upon their petitions against 
a private bill, on the ground of competition, if they shall 
think fit. 

No petition for additional provision can be presented to the 
House of Lords without the sanction of the Chairman of 
Committees, but no petition for additional provision shall 
be received in the case of a bill brought from the House of 
Commons. 

Where a railway bill contains provisions for taking or 
using any part of the lands, railway, stations, or accommo- 
dations of another company, or for running engines or 
carriages upon or across the same, or for granting other 
facilities, such company are entitled to be heard upon 
their petition against such provisions or against the 
preamble and clauses of such bill. 
. It shall be competent to the Referees on private bills to 
admit the petitioners, being the municipal or other 
authority having the local management of the metropolis, 
or of any town, or the inhabitants of any town or district 
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alleged to be injuriously affected by a bill, to be heard 
against such bill, if they shall think fit, but no Committee 
of either House shall have power to examine into the 
compliance or non-compliance with such Standing Orders 
as are directed to be proved before the Examiner, unless 
by special order of the House. 

The municipal or other local authority of any town or 
district alleging in their petition that such town or district 
may be injuriously affected by the provisions of any bill 
relating to the lighting or water supply thereof, or the 
raising of capital for any such purpose, has a locus standi 
to be heard against such bill. 

The owner, lessee or occupier of any house, shop, or 
warehouse in any street through which it is proposed to 
construct any tramway, and who alleges in any petition 
against a private bill or Provisional Order, that the construc- 
tion or use of the tramway proposed to be authorised 
thereby will injuriously affect him in the use or enjoyment 
of his premises, or in the conduct of his trade or business, 
is entitled to be heard on such allegations before any 
Select Committee to which such private bill or the bill 
relating to such Provisional Order is referred. 

In all cases of opposed private bills, in which no parties 
shall have appeared on the petitions against such bills, or 
having appeared shall have withdrawn their opposition 
before the evidence of the promoters shall have been 
commenced, the committees on such bills may refer 
them back, with a statement of the facts, if not railway or 
canal bills, to the committee of selection, and, if railway and 
canal bills, to the general committee on railway and canal 
bills, who shall deal with them as unopposed bills. 

Every committee on a railway bill shall report specially 
to the House, — 

Whether it be intended that the railway shall cross on a 
level any railway, turnpike road or highway. 

And any other circumstances which, in the opinion of 
the Committee, it is desirable that the House should be 
informed of. 

No railway whereon carriages are propelled by steam or 
by atmospheric agency, or drawn by ropes in connection 
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with a Stationary steam-engine, is allowed to be made across 
any railway, tramway, turnpike-road or other public carriage- 
way on the level, unless a report thereupon from some 
officer of the Board of Trade shall be laid before the Com- 
mittee on the bill, and unless the committee, after consi- 
dering such report, if they shall disagree with the said 
report, recommend such level crossing, giving the reasons 
and facts upon which their opinion is founded; and 
in every clause authorising a level crossing, the number of 
lines of rails authorised to be made at such crossing shall 
be specified. 

A clause is inserted in Railway, Tramway, and Subway 
Bills imposing penalty unless the line be opened. This 
applies to every bill whereby the construction of any new 
line of railway, tramway, or subway is authorised, or the 
time for completing any line already authorised is 
extended. 

Also for railway, tramway, or subway deposits a clause is 
usually inserted providing, that deposits be impounded as 
security for the completion of the line, and a clause 
providing for (i) application of depositor, (2) penalty in 
compensation to injured parties, and (3) the time limited 
for completion of line. 

The period limited shall not, in the case of a new rail- 
way line, exceed five years [or in the case of a new tramway 
line two years], and the extension of time for completion 
shall not in the case of a railway line exceed three years [or 
in the case of a tramway line one year]. In the case of 
extension of time the additional period shall be computed 
from the expiration of the period sought to be extended. 

In any Railway Bill or Tramway Bill to which the 
preceding provisions are not applicable, the Committee on 
.the Bill shall make such other provision as they shall deem 
necessary for ensuring the completion of the line of railway 
or tramway. 

Notices to be given and deposits made in cases where 
work is altered while bill is in Parliament. 

Whenever during the progress through either House of 
any bill of the second class originating in that House, any 
alteration has been made in any work authorised by such 
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bill, proof must be given before the Examiners that a plan 
and section of such alteration, on the same scale and con- 
taining the same particulars as the original plan and 
section, together with a Book of Reference thereto, has been 
deposited in the Private Bill Office (in the case of the 
Commons), or in the office of the Clerk of the Parliaments 
(House of Lords), so that a record is kept in both Houses, 
also with the Clerk of the Peace of every county, riding, or 
division in England or Ireland, and in the office of the 
sheriff clerk of every county in Scotland in which such 
alteration is proposed to be made, and where any county in 
Scotland is divided into districts or divisions, then also in 
the office of the principal sheriff clerk in and for each 
district or division in which such alteration is proposed to 
be made ; also that a copy of such plan and section, so 
far as relates to each parish, together with a Book of 
Reference thereto, has been deposited with the parish clerks 
of each such parish in England, or, in the case of any 
extra-parochial place, with the parish clerk of some parish 
immediately adjoining thereto, with the session clerk of each 
such parish in Scotland, and in royal burghs with the town 
clerk, and the clerk of the union within which such 
parish in Ireland is included, in which such alteration 
is intended to be made, two weeks previously to the 
introduction of the bill into the House; and that the 
intention to make such alteration has been published 
previously to the introduction of the bill into the House 
once in the London, Edinburgh or Dublin Gazette, as the 
case may be, and for two successive weeks in some one 
and the same newspaper of the county in which such altera- 
tion is situate, or if there be no such printed paper published 
therein, then in the newspaper of some county adjoining 
thereto ; and that application in writing as nearly as may be 
in the form set forth in the Appendix marked (A) was duly 
made to the owners or reputed owners, lessees or reputed 
lessees, or in their absence from the United Kingdom, to 
their agents respectively, and to the occupiers of lands 
through which any such alteration is intended to lie 
made; and the consent of such owners or reputed 
owners, lessees or reputed lessees, and occupiers, to 
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the making of such alteration, shall be proved before the 
Examiner. 

In conclusion, the Parliamentary surveyor must remember 
that the Standing Orders of both Houses of Parliament, as 
well as the Board of Trade rules and regulations for 
Provisional Orders, are subject to amendment from time to 
time, and that it is his duty to acquaint himself, prior to the 
execution of sessional work, with every alteration that 
has been made by the authorities and published. Any 
Parliamentary agent with whom he may be . acquainted 
will gladly inform him what recent amendments may have 
been made since the above notes were written or during the 
Session of Parliament immediately preceding that for which 
his work is about to be prepared. 
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CHAPTER XXII. 

RAILWAY WORK. 

In railway work, prior to construction, the ground to be 
surveyed being long and narrovir, the ordinary method of 
triangulation can seldom be resorted to, and a series of 
continuous base lines form the chief feature. Having 
ranged out the base lines and determined the main 
station points, the enclosures upon each side through 
which the intended railroad is to pass are surveyed by 
trapezium lines tied on to the base line at fixed points 
by diagonal lines, except in such cases where the direc- 
tion of any boundary is such as to invite the formation 
of a triangle, one side of which lies upon the base line. 
Sometimes the position of the trapezium is fixed by taking 
the angle between the sides with a box sextant, and some- 
times the trapezium lines enclosing the base line are 
measured, and the points of intersection with the base lines 
carefully noted. In open country the proposed centre line 
of the railway may be used as a base line, and the angles at 
the intersection of such base lines recorded so as to fix their 
position. The Parliamentary plan and section may, under 
certain circumstances, be enlarged and made use of for 
purposes of a preliminary tender. 

Owing to the facilities for vision, the inexperienced sur- 
veyor in running a trial line for a railway may be tempted to 
place the intersection points where the curves would turn 
upon the several ridges crossed; but such a course of action 
should be studiously avoided where possible, because if 
such a line be adopted, the cuttings through the hills would 
all be curved in plan, whereas the best construction is to 
confine curves as much as possible to comparatively level and 
open ground. The diagram (pp. 313,314) illustrates a working 
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contract section for a line of railway, 6 furlongs i chain in 
length. The surface levels of the natural ground having 
been plotted by the method explained in Chapter XVI., 
the engineer then proceeds to rule up vertical red or 
blue lines upon the section at each chain's length per- 
pendicular to the datum line. The level of the datum line 
having been determined, the heights of the surface levels 
above the datum line are then written, as shown upon these 
vertical lines, just above the datum line. These heights 
should be derived as much as possible from the figures 
contained in the column headed ** Reduced Levels,'' in the 
" Level Book," and should be only scaled as a check upon 
the plotting, or at points where no reduced levels are given 
in the " Level Book." The level of the upper surface of 
the rails should next be figured upon the section. This is 
arrived at by first **grading'' the section, by stretching a suit- 
able length of cotton over portions of the irregular line which 
indicates the present level of the ground, and adapting the 
cotton line by successive rising or falling gradients to allow 
of the amounts of banks and cuttings in each case appearing 
equal to the eye. In so grading a section, regard must be 
had to what is termed the "ruling gradient," namely, 
I in 100, or such other maximum inclination as is decided 
to be adopted. At each change of gradient a vertical black 
line is drawn in between the datum line and the surface 
level, and the heights of the rail level scaled off the section 
are figured upon these vertical lines. The horizontal 
distance is then scaled, and the inclination of the gradient 
calculated. If it is desired to make the gradient so found 
to rise or fall one unit in a certain multiple of chains, the 
height of the rail level at the further end can be raised or 
lowered the fractional tenths and hundredths of a foot which 
will enable the gradient to work out to this exact number 
in the given distance without remainder. The levels of the 
rails at each chain's length, or of the ** formation level," 
from 9 in. to 2 ft. below the level of the upper surface of the 
rails, is next arrived at by calculation, and figured upon the 
section. Thus, referring to the diagram, the difference 
between the heights 109*90 and 122*20 gives 12*30 ft. in a 
length of 34J chains (2,277 ft.), which is equal to a rising 
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gradient of i in 185 or '3567 ft per chain (66 ft.). Hence, 
if we alternately add 0*35 and 0*36 at each chain, we shall 
find we obtain 122*20 at a distance of 34^ chains from the 
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point where we measured 109-90. Thus, if either the rail" 
level or the formation level (if preferred) be 109*90 at 6 
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icfc chains, it will be 109*90 plus 0*35 equals 110-25 ^^ 7 chains ; 

tf and 110*25 plus 0*36 equals iio'6i at 8 chains. The 

the formation level is usually taken as two feet below the 

level of upper surface of rails. The upper row of figures 

upon the section shows the amount of depth of the 

cutting or height of the bank. The surface level at 

6 chains being 118*50, by subtracting 109*90 from this 
we obtain 8 '60 depth of cutting. The surface level at 

7 chains being 1 1 1 *8o and the formation level (or it may be 
the rail level) 110*25, the amount of cutting is here seen to 
be 1*55 as figured upon the section. (See pages 313, 314 ) 

The quantities of earthwork can be readily arrived at 
by the use of Bidder's tables (sold in sheets, at 2s. each 
or mounted 3s. 6d.). The section is headed with the 
number of the railway, in this case No. i, and the banks 
and cuttings are each numbered in order, the banks in this 
section numbering i to 5, and the cuttings i to 4. The 
student will perceive the importance of employing a large 
scale for plotting the vertical measurements, especially in 
that portion of a longitudinal section which represents the 
tunnel or viaduct, and which would otherwise not so readily 
be appreciated by the eye. A viaduct is indicated in the 
place of a high embankment between 9 and 18 chains and 
a tunnel in the place of deep cutting between 23 and 36 
chains. The adoption of a viaduct or tunnel in the place 
of a bank or cutting is generally a question of expense, 
the cheapest being usually recommended, but it is also 
dependent upon the geological formation and the nature 
of the property. All tunnels must slope to one or both of 
their extremities for purposes of drainage. The following 
diagram illustrates the application of Bidder's tables in 
tabulating the results. (See page 311.) 

In these "Tables," published by Messrs. Vacher & 
Sons, of Westminster, the content in cubic yards is 
printed in red figures for trapezoidal solids whose 
length is i chain, width i foot, and whose depths at the 
ends from i to 50 feet are placed in columns so as to show 
the required content at the intersection of the vertical and 
horizontal columns. Hence in the following form as shown 
upon the diagram (See pages 317, 318.) 
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No. 



Length. 



Heights 



3 

Tabular No. 

of 

Centre. 



1x3. 



Width 

of 
Centre. 



6 

Content 
of Centre, 

4x5- 



The number of the bank or cutting, taken in order from 
the commencement of the section is expressed for reference 
in the left-hand column. The length in the column headed 
I is expressed in Gunter's chains. The heights in column 2 
are in feet, and the red figures found by the table are placed 
in column 3. In reading off the contents from the tables, 
the greatest height is taken in the bottom line and the less 
height in the left-hand column. As only feet are indicated 
for the heights, the nearest exact number of feet must be 
selected from the tables. Thu^s, if the heights respectively 
are o'oo and 3*20 we should look for 3 in the bottom line 
and o in the left-hand vertical column. The red figure at 
the intersection of o and 3 reads 37 which is entered in 
column 3. Again, if the heights read respectively 3*20 and 
7 '60 we should look for 8 (as being nearer than 7 to 7 '60) 
in the bottom line and for 3 in the left-hand vertical 
column, and we should find the red figure 13*4 to be 
entered in column 3. Column 4 means that the figures 
in column i are to be multiplied by the figures in column 3. 
Column 5 gives the width of the centre (see table upon 
the diagram), and column 6 shows that the figures in 
column 4 when multiplied by the figures in column 5 
will give the content of the centre for the length taken. 
The black figures found immediately above the red figures at 
the intersection of the vertical and horizontal columns in 
the table show the content of i to i slopes whose heights 
are shown in column 2 of the form just described. These 
figures are entered in column 7 of the following form :-^ 



Tabular No. 

of 

Slopes. 



8 



1x7 



9 

Ratio 

to 

Vertical. 



10 

Content of 

Slopes, 

8x9. 



Total Content. 



Cubic Yards. 
6 X 10. 
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Column 8 contains the product of column i multiplied 
by column 7. Column 9 states the ratio to the vertical, 
generally taken in banks as i| to i and in cuttings as i^ to 
I, except rock; but the actual ratio depends upon the 
natural slope of the earths found upon the line of section. 
Column 10 gives the content of the slopes found by multi- 
plying the figures in column 8 by the figures in column 9, 
and the last right hand column gives the total content in 
solid yards found by adding together the figures found in 
columns 6 and 10. 

Should the heights in column 2 exceed those in the 
table, the contents may be found by entering with one-half, 
one-third, or one-fourth, &c., of the measured heights. 
Thus, when they fall between 50 and 100 divide them by 2, 
and entering the table with the quotients, multiply the first 
content in the table by 4 and the second by 2. When they 
fall between 100 and 150 divide them by 3 before the table 
is entered, and multiply the first content in that case by 9 
and the second by 3. 

The tables are calculated from the following formulae : — 
Let X = the number of feet which shows the greater height 
at the bottom of the table, 

And^ = the number of feet which shows the less height in 
the left hand vertical column of the table 

Then first the content (black figures) column 7 = 
If [(^ + y)^ '- xj'l, which is based upon the ordinary 
formula for the volume of a truncated pyramid with 
parallel bases. 

Second content (red figures) column 3 = -/- (^ + y) 
i( X = S and y = s 

If f"(8 + 3) ' - 24] = -J^V-- = 79 (L>lack figures) 
and'-V- (S + 3) = -J- =13*4 (red figures). 

In column 5 a width of 30 feet has been assumed in 
the case of a cutting. In the case of a bank a width of 
27 feet is generally assumed. When representing, upon 
the plan, the widths required for the formation of the 
railway, it is usual to include an addition of 10 feet to the 
transverse width at the toe of the bank (formation level) in 
the case of both banks and cuttings. This gives the 
boundary of the area required for the purpose of valuation 
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for the estimate of exi>ense. In some cases a recess of 7 feet 
upon either side of the centre line is considered necessary, 
giving in the case of a cutting half of 30 feet plus 7 feet 
recess, or 22 feet upon each side of the centre line constant 
width, plus width for slope derived from heights furnished 
by the section. 

In calculating earthwork quantities the following table of 
natural slopes of earths, giving a table of angles made with 
horizontal line, is useful for reference : — 



Gravel, average 40 

Dry Sand 38** 

Sand 22° 

Vegetable Earth 28' 

Compact Earth 50' 

Shingle 39' 

Rubble 45 

Clay, well drained 45 

Ditto, wet 16' 



,° 

o 
o 
o 



A form of level book sometimes employed in railway 

work is also shown under the diagram illustrating the 

section, in which book separate columns are provided for 

the heights of formation levels, embankments, and depths 

of excavations. 

Width of Centre. 

Occupa'ion Roads 16 ft. 

Single Line Railway ....18 ft. 

Diito „ „ 20 ft. 

PuVlicRoad 28 ft. 

Double Line Railway.., 30 ft. 

Ditto „ „ 33 ft. 

Turnpike Road 38 ft. 

With the use of metrical earthwork tables, the lengths 
in column i are expressed in chains of 20 metres and the 
heights in column 2 are expressed in metres. The width 
of centre in column 5 is also to be stated in metres, and 
the total content will be given in cubic metres. It is 
useful to note that 30J centimetres equal very nearly one 
foot (305 millimetres = 12-00785 inches) and that one 
cubic metre contains 1*3069 cubic yards. Tables for find- 
ing the contents of earthworks, when the metre is the unit 
of measure employed, have been compiled by Messrs. 
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Greenbank and Piggott, arranged according to the form of 
Bidder's Tables. The heights given in the bottom and 
the vertical side columns range from zero to i6 metres, the 
values being expressed for every increase of one-fourth of a 
metre. 

For application to a Parliamentary section or for an 
approximate estimate of the value of a railway contract, 
Bidder's earthwork tables are invaluable ; but where greater 
accuracy is needed, the contents must be derived from the 
vertical sectional areas calculated from actual transverse 
sections taken at intervals along the longitudinal section. 

The terms " under bridge " and " over bridge " apply to 
the railway. In the measurement for a skew bridge where 
abutments exist, it is necessary to take six main dimensions 
as shown by dotted lines in the annexed figures A to B, 
B to D, C to D, C to A, B to C and A to D. Also 
to record the measurement of the outside angles of the 
abutment from the running edge of the nearest rail. This 
is measured at each of the four corners in case the rails are 
not found parallel to the face of the abutments. The usual 
distance is 4 ft. 9 in. The minimum headway for an over 
bridge is usually 14 ft. 3 in. in the centre, and 10 ft. 3 in. at 
the springing or abutment side. The measurements indi* 
cated in the diagram should be taken with a steel tape. 

A form for an under bridge of 25-feet span with the 
usual quantities is given on pages 320-322, and the height of 
the railway over or depth under the surface thereof must 
not be less than that indicated in accordance with the 
Standing Orders of Parliament upon the deposited section. 
In the case of an over bridge, the railway authorities are 
supposed to know their own requirements as to clearance, 
and usually adopt the clearance measurements named 
above 
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SCHEDULE 

SHEWING THE 

PROFESSIONAL PRACTICE AND CHARGES 

OF ARCHITECTS 

{inserted by permission of the Council of the Royal Institute 

of British Architects'), 

1. The usual remuneration is at § per cent, commission besides 
expenses, — The usual remuneration for an Architect's 
services, except as hereinafter mentioned, is a com- 
mission of 5 per cent, on the total cost of the works 
executed from his designs; besides which all travelling 
and other incidental expenses incurred by the 
Architect are paid by the Employer, who may be also 
charged for time occupied in travelling if the work 
be executed at a considerable or inconvenient 
distance,or if more than ordinary personal attend- 
ance is required. 

a. Except for decorative work, — But for all works in which 
the expenditure is mainly for skilled labour and not 
for materials, e.g.^ in designs for the fittings and 
furniture of buildings, for their decoration with 
painting or mosaic, for their sculpture, for stained 
glass, and other like works, the Architect's charge is 
not made by way of commission on the cost, but 
should be regulated by special circumstances and 
conditions. 

3. Repetition in some cases justifies a lower rate, — When 
several similar but distinct buildings are erected at the 
same time from a single specification and one set of 
drawings and under one contract, the commission of 
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5 per cent, should be charged on the cost of one 
such building, and a moditied arrangement should 
be made in respect of the others. 

4. And small outlay^ a higher rate of percentage. — In works 

of small value, say ;£^5oo in amount, 5 per cent, is 
not remunerative, and the charge should be by time, 
or by an ascending scale reaching 10 per cent for 
works under ;^ioo. 

5. Commission is to be reckoned as if for new materials and 

a builder employed, chargeable on all executed, and 
2 J per cent, on all omitted work, — The commission is 
reckoned upon the total cost of the works, valued 
as if executed by a Builder, and of new materials. 
2 1 per cent, is charged upon any works originally 
included in the contract, but subsequently omitted 
in execution. 

This is exclusive of the charge for measuring 
extras and omissions. 

6. An Architect cUways entitled to payments on account, — 

The Architect is entitled during the progress of tlie 
building to payment on account at the rate of 5 per 
cent, on the instalments paid to the Builder, or 
otherwise to half the commission on the signing of 
the contract, or the commencement of the works, 
and the remainder by instalments as above. 

N.B. — The terms of payment adopted by Her Majesty's Office 
of Works and Public Buildings may also be taken as an 
equitable method of payment on account, viz. : — 

One-third part of the commission shall be paid to the 
Architect immediately after the signing of the 
contract ; 
One-third part shall be paid to the Architect as soon as 
one-half of the contract sum has been paid to the 
Builder ; 
And the remaining one-third part shall be f aid to the 
Architect after the final payment to the Builder. 

7. Charge for special services, — The above charges do not 

cover professional services in connection with negotia- 
tions for site, in surveying it and taking levels, in 
making surveys and plans of buildings to be altered, 
in arrangements respecting party walls or right of 
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lights, nor services incidental to arrangements conse- 
quent upon the failure of Builders whilst carrying 
out work, or in cases of subsequent litigation ; but 
all such services are charged for in addition. 

8. And material alter ations of plan by ime, — If the Employer, 

after having agreed to a design and had the contract 
drawings prepared, should have material alterations 
made, whether before or after the contract is pre- 
pared, an extra charge should be made, unless such 
alterations are rendered necessary by an unreason- 
able excess in the Builder's tender beyond the 
Architect's approximate estimate. 

9. Charge for plans and specifications only half the commission^ 

adding one-half per cent, if tenders are obtained. — If 
the Architect should have drawn out the approved 
design complete, with plans, elevations, sections and 
specification, the charge is half the commission upon 
the estimated cost. If he should, in addition, have 
procured tenders in accordance with the instruction 
of his employer, the charge is one-half per cent, 
extra. 

10. Alterations to premises may be charged at higher rate. — 

For works in the alteration of premises, a special 
charge may be made on account of the special diffi- 
culties and trouble generally involved. 

1 1. The commission covers sketches^ plans ^ details^ one set of 

tracings^ and duplicate specification^ instructions^ super- 
intendence^ examining accounts, — The following are 
the professional services included in the ordinary 
charge of 5 per cent. : — 

The requisite preliminary sketches, drawings and 
specifications sufficient for an estimate and con- 
tract. 

Detailed drawings and instructions for execution. 

One set of tracings and duplicate specification. 

General superintendence of Works (exclusive of 
Clerk of the Works). 

Examining and passing the accounts, exclusive of 
. measuring and making out extras and omissions. 
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12. Also approximate estimate. — No additional remunera- 

tion is due for making an approximate estimate, 
such as may be obtained, for instance, by cubing out 
the contents. If a detailed estimate be required by 
the Employer, an additional percentage charge may 
be made. 

13. The usual charge per day, — The charge per day made 

by Architects depends upon their professional posi- 
tion, the minimum charge being three guineas per 
day. 

14. All payments to Architect to be from Employer, — The 

above payments alluded to in this document are to 
be made by the Employer to the Architect, who is 
not to receive commission or payment of any kind 
from the Builder, or any tradesman, in respect of 
works executed under the Architect's directions. 

15. Quantities, — When an Architect supplies Builders with 

quantities, on which to form tenders for executing his 
designs, he should do so with the concurrence of his 
Employer, and it is desirable, when practicable, that 
the Architect should be paid by him rather than by the 
Builder, the cost of such extra labour not being in- 
cluded in the commission of 5 per cent. 

16. Ownership of drawings. — In respect of the ownership 

of drawings and specifications, it has hitherto been 
the general custom for the Architect to be paid for 
their use only, those documents remaining his pro- 
perty. 

N.B. — la case of sketches for works abandoned, this custom is recog- 
nised by Her Majesty's office of Works and Public Buildings. 
No authoritative decision in the Courts of Law has, however, 
as yet been given on the subject : it is therefore' desirable, for 
the present at least, that the Architect should have a distinct 
understanding with his employer on this point. 

17. Estates. — The charge for taking a plan of an estate, 

laying it out, and arranging for building upon it, 
should be regulated by the time, skill and trouble 
involved. 

18. For actually letting the several plots (in ordinary cases) 
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a sum not exceeding a whole year's ground rent may 
be charged. 

19. For inspecting the buildings during their progress (so 

far as may be necessary to ensure the conditions 
being fulfilled) andj finally certifying for lease, the 
charge should be a percentage not exceeding one- 
half per cent, up to ;£^5,ooo, and above that by 
special arrangement. 

20. All the above fees to be exclusive of travelling expenses, 

and time occupied in travelling, as before mentioned. 

21. The charge for the above does not include the commis- 

sion for preparing specification, directing, super- 
intending and certifying the proper formation of 
roads, fences and other works executed at the cost 
of the employer, nor for putting tbe plans on the 
leases. 

22. Valuations, — The following definite charges are recog- 

nised for valuation of property : — 

The charge throughout is i per cent, on the first 
;;^i,coo, and half per cent, on the remainder up lo 
;Ji 0,000. Below ^1,000, and beyond ;£ 10,000, by 
special arrangement. 

These charges do not include travelling expenses 
nor attendance before juries, arbitrators, &c. 

23. Dilapidations, — The charge for estimating dilapidations 

is 5 per cent, on the estimate, and in no case less 
than two guineas. 

Note. — Copies of this printed schedule can be obtained at the office 
of the Royal Institute of British Architects, 9, Conduit Street, 
Hanover Square, London, W. Re-issue: 31st March, 1882. 
Price Sixpence. 
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„ points ... 10, 57, 98, 99-101 
Straightedge ... 90, 91, 107, loS 

Stang planimeter 160 

Stanley, W. F 76, 97 

Subsidiary triangles 57 

Subways 252, 264 



Tangent points 265 

Tapes II, 15 

Theodolite, use of 33, 59-61, 65 
Tides ... ... ... ... 140 

Tidal waters 281 

Tie lines ... 31, 32,46, 52, 98 

Tinting a plan 112 

Tithe maps ...128, 150, 234, 235 
Town surveys ... 59, 61, 62, 63, 65 

Tramroads 252, 265 

Tramways 252, 264, 281, 285, 290, 
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Transverse sections 185, 186, 187 

Traverse surveying . . . 84-89 

Trees shown on plan 121 

Trigonometrical surveying ... 34 

Trigonometry, use of ... 35-45 

Trinity high water 1 39 

Typographical hieroglyphics ... ill 
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Underground works 122 
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J. H. STEWARD'S 

SURVEYINGJNSTRUMENTS. 

HIGH CLASS. MODERATE PRICES. 



C( 



ILLUSTRATED CATALOCUES 

POST FREE TO ALL PARTS OF THE WORLD. 

PART IV.— Surveying, Mathematical •nd Nautical Instruments, Drawing 

Instrumentj, Scales, Slide Rules, The R.II.S. Calculator, &c. 
PART II — Meteorolt^ical Insltumenis, Surveying Aneroid Baromeleis, &c. 
PART I.— Field Glasses, Telescopes, Steward's Prism Binocular, &c. 



Optician to the British and Foreign Got/ernments, Indian and 
Colonial Railways, <J!iC. 



406, STRAND; 4S7, WEST STRAND, W.C.; 
7, GRACECHURCH ST., E.C., LONDON. 

T.l^hon«:{;^dSuT^st.-A;;n?i,3o. T^legophic Add,.»: "Td™^. London." 



AXjVERTISEMSNIS. 



W. H. HARLING, 

jVlathemalical, prawing, & Survsying Jnstrument 



ILLUSTRATED 

CATALOGUES 
POST FREE. 

establisljcd 1851. 

IVIialtmlc, Ritail, and £x/ior/. 



47, FINSBURY PAVEMENT, LONDON, e.i!. 

Andj GROSVENOR WORKS.l HACKNEY. 



AOVERtlSKMENTS. 



High -class Surveying Instruments. 

T. COOKE & SONS, Ltd. 



Theodolites 
Tacheometers 
Levels 

Mining Dials 
Clinometers 
Plane Tables 
Compasses 
Sextants 
Artificial 
Horizons 

Levelling 

Staves 



Binoculars 



Chains 
Steel Bands 
Aneroids 
Pantagraphs 
Planimeters 
Protractors 
Drawing 
Instruments 



Makers of AstroDomiGal, Sarvejing ^"^ Dpawing Instpmnents 

Admiralty and War Office, India Office, Colonial Office, 

Board of Works, Post Office, Ordnance Survey Office, 

Science and Art Department, South Kensinaton, 

School of Military Engineering', Chatham, 

and to moat of the English, Indian, and Colonial Railways. 

Head Offloa: S, VICTOrTa ST., WESTMINSTER, LONDON. 

Tlltgram,: "Coohd.b.te, Lobdoh.' 

Faotnv: BUCKINGHAM WORKS, YORK, ENGLAND. 

Tiittram: "CDtiBDissTE, Vo>h." 
Branoh OtriM : 37, OASTLE IT^ MK TOWN. 1 ^Kant" M«Mn. ILBEBT* CO., UanBhal. 

TilrerMas: "Coobdinate, CapbTonvn," I TtUirami : '■ Thuodoliie, Shanghai." 
■' A.B.C." Code, 4lh EOiliou. CATALOGUES SENT POST FREE ON Ari'LICATION. 



ADVERTISKHENTS. 

SumylnK, Mining, Meteorologloal and Electrical Instrument 

^lAKER 



OROK&NOS, 

boabdofthi.de, 
british and 

FOKEIOM 
OOTSBNHEHTS, 

VABions 

0BSBRTAT0EIE8. 

kc, fto. 



onabilily. 

Ats of Portable uid 



BORN BARS, 

DON, LO. 

ficuldieon, Londoa/* 



Tbe London Drawing and Tracing Office 

98, GRAYS INN ROAD, HOLBORN, W.C. 

E.MII.h.d 1>B8. (AdJQbiBg Holbon. T™^ H^ll.) 

EUR THE PROMPT AND EFFICIENT EXECUTION OF ALL WORK OSUALLV 
REQUIRED BY THE PROFESSION, SUCH AS 

WORKING OR COMPETITION DRAWINGS 
PERSPECTIVES 

In Pen and Ink, Colour, or MoQocbiomc. 



MODELS 

In Cudtnard, Wood, or Pluter. Iliusirations sent of Models executed. 

LITHO PRINTING. 

Eslale Plans, yuan lilies, Specifigaiions, &c„ &c. 

Cheques ajid Po5Ul Orders crossed, " Tbe London, City, nad Midlaod Bank, LimiCed." 
Mftoagei; dOHN B. THORP, Arcbilecl and Snncioi. 
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COMPLETE COURSES OF PREPARATION 

FOR THESE EXAMINATIONS ARE GIVEN BY 

Mr. RICHARD PARRY, f.s.i., A8soc.M.inst.c.E. 

(Lecturer on Surveying at the Reading College, &c.)« 



The following particulars show the years in which FIRST PLACE has 
been assigned to Candidates prepared by Mr. Richard Parry at the six 
professional examinations that were held immediately preceding the publication 
of this book : — 

Prote8Sional Associateship Examination (for Students) 

(Div, II.) 1895, 1896, 1897, 1898 and 1899. 

Professionai Assooiatesiiip Examination (for Non-Students) 

(Div. III.) 1895, 1896, 1898, 1899 and 1900. 

Feliowsiilp Examination 

(Div. IV.) 1899 and 1900. 

Direct Fellowship Examination 

(Div. V.) 1896 and 1900. 

Special Sanitary Science Examination 

1900. 

Mr. Parry's Courses of Preparation were commenced in the year 1890, 
and the number of successful Candidates prepared by him has increased to 
such an extent that at each of the three latter Examinations named above, 
considerably more than half of the total number of successful Candidates were 
his pupils. 

Of the thirty-seven prizes awarded in the various divisions of the 
Professional Examinations during the above-named six years twenty-one 
were obtained by Mr. Parry's pupils. 

Mr. Parry also prepares Candidates for the examinations held by the 
Institution of Civil Engineers and the Incorporated Association of Municips^l 
and County Engineers. 

Any possible advice with respect to the Examinations or further information 
as to the Courses of Preparation will be given on application to 

RICHARD PARRY, 82, Victoria Street, Westminster, a.W. 

Tolephon* No. 680 W«atmlnater. 
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Manufacturers of BLINDS for FIRE PROTECTION. 

Vid« British Firm Protection Oommittoe** Roport of Teoti May 23, 1900. 

INSIDE l-^ 1 ¥ IVT ¥^ ^ OF ALL 

AND 



Blinds 



OUTSIDE M.^^^l— ^E. 1 ^ M ^ A^ ^ KINDS. 



Q. A. WILLIAMS & SON, 

21, QUEEN'S ROAD, 

BAYSWATER, LONDON, W. 
SPEGIAUTIES g 

THE " INVISIBLE " OUTSIDE BLIND, 

Unseen when not in use. 

THE •• UNIVERSAL'' OUTSIDE BLIND, 

Simplest extant. 

4* W^MITTAKER^S BOOKS. «- 

SURVEYING AND SURVEYING INSTRUMENTS. 

By G. A. T. MIDDLETON, A.R.I.B.A., M.S.A. With 41 Illustrations. 48. 6d. 

CONTENTS. — Surveys with Chain only — Obstructions in Chain-Line and Right- Angle 
Instruments — The Uses of the Level — Various Forms of Level and their Adjustments — 
The Uses of Angle-measuring Instruments — The Theodolite and other Angle-measuring 
Instruments — Instruments for Ascertaining Distances. 

"This is a very neat little text-book, and very suitable for students preparing to pass the 
Institute examinations." — Joum. of Royal Inst, of British Architects. 

PRACTICAL TRIGONOMETRY. 

For the Use of Engineers, Architects, and Surveyors. By HENRY ADAMS, M.Inst.C.E., 
M.Inst. M.E., F.S.I., F^fessor of Engineering at the City of London College, as. 6d. net. 

TABLES FOR MEASURING AND MANURING LAND. 

By JOHN CULLYER. Eighteenth Edition. Cloth, 2S. 6d. 

SEWAGE TREATMENT, PURIFICATION, and UTILISATION. 

A Practical Manual for the Use of Corporations, Local Boards, Medical Officers of Health, 
Inspectors of Nuisances, Chemi&tfi, Manufacturers, Riparian Owners, Engineers, and Ratepayers. 

By J. W. SLATER, F.E.S. With Illustrations. 6s. 

THE DRAINAGE OF HABITABLE BUILDINGS. 

By W. LEE BEARDMORE, Assoc. M.Inst.C.E. Illustrated, ss. 
WHITTAKER & CO., White Hart Street, Paternoster Square, E.G. 
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ASPHALTE 



Tk Seyssel and Metallic Lava Asphalte Go. 

(Mr. H. GLENN), 

importers, /Manufacturers, an& dontractors 

FOR 

SEYSSEL AND METALLIC LAVA 

ASPHALTES, 

SUITABLE FOR 

Dens for Animals, 

Flat RoofiB, 

Foot Pavements, 

Goods Sheds, 

Granaries, 

Laundry Floors, 

Malt Rooms, 

Milk Rooms, 

PiflTfferles, 

Prison Cells, 

Railway Arches, 
Bridflfes, 



Asylum Floors, 
Barn Floors, 
Barrack Floors, 
Coach Houses, 
Corn, Cotton. Hop, 
and Seed Floors, 
Corridors, 
Court Yards, 
Cow Sheds, 
Damp Courses, 
Dairy Floors, 



Reservoirs, 
Railway Platforms, 
Sea-Water Tanks, 
Stables, 
Swimminflf Baths, 



Tun Room Floors, 
Vertical to Face of 

Walls, 
Warehouse Floors, 
Wine Cellars, 
Waterworks. 



** SEYSSEL" should be used in all cases for exposed out-door purposes. 

THE METALLIC LAVA ASPHALTE 

Admirably supplies the place of ** Seyssel " for many in-door purposes, at a much 

less cost. 



Prices and further particulars upon application to the 

Omees s 42, Pouiiry, E. C, LONDON. 

The Company only uses the very finest quality of materials, together with 
the best procurable workmanship, and undertakes to 

GUARANTEE ALL WORK. 



SPECIAL NOTICE* — When applying for prices for Asphalte laid complete, please state 
thickness, quantity, locality, and purpose for which it is to be used. 

Country Builders supplied with Asphalte in bulky with instructions for laying. 
Particular attention is paid to Dairy and Tun Room Floors. 



ASPHALTE CONTRACTORS TO THE FORTH BRIDGE COMPANY, 

THE RIO DE JANEIRO WATERWORKS, 

THE MALIQAKANDA RESERVOIR, COLOMBO, CEYLON, 

and other Waterworks, 
ail of very considerable macnitude. 
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SPRAGUE & CO., Ltd..^ rg.?.^r • 

having devoted their attention for several years to the 
requirements of the Architectural Profession, are enabled 
to offer special facilities for the execution of the various 
descriptions of li'ork detailed be low y on moderate terms 
and ivitli strict punctuality, 

BILLS OF QUANTITIES, SPECIFICATIONS, REPORTS, &G. 

Special Writers are on the premises for these, and being con- 
stantly engaged upon them, they are thoroughly conversant 
with the technical terms and peculiarities of this work. 
Certified Copies of Bills can be supplied in a few hours if 
required ; or, if received in the evening, by 9 o'clock next 
day ; or by return of post to the country. 

FAIR COPIES of Specifications, Contracts, Reports for Competitions, 
Dimensions, Accounts, &:c., neatly and accurately executed. 

ELEVATIONS, PLANS, AND SECTIONS FOR TENDERS. Tracings 
or Manuscript Copies made, or Architects' own Drawings 
lettered and finished. 

PLANS OF ESTATES, wiih or without Perspective Views, tastefully 
lithographed and printed in colours, or highly shaded-upby hand. 

PHOTO-LITHOCRAPHY rapidly executed in a superior manner. 

" INK-PHOTO " process reproduces Water-Colour or Pencil Draw- 
ings or Photographs with the same facility as Pen and Ink 
Drawings in line. Vide the illustrations in "The Architect," 
" The Builder," &c., &c. In cases of especial emergency, any 
class of Drawing may be photographed and returned in course 
of a few hours. 

PROCESS BLOCKS. We are now in a position to supply Half-tone 
or Line Blocks for printing with type, at short notice. 

PHOTOGRAPHY. A thoroughly competent operator will be sent to 
take Photographs of Buildings at short notice. 

CERTIFICATE BOOKS for Instalments always in stock, 3^. ; a larger 
size, with Receipt, 55. Bill, Dimension, and Specification Paper, 
Circulars, Headed Note or Letter Paper, and Memo. Forms 
Lithographed or Printed. 

DRAWING PAPERS, Tracing Papers, &c.. Office Stationery, and 
Sundries of every kind. 



.'•.•♦.••< 



4 & 5, EAST HAHDIN6 STREET, FETT£I( LANE, LONDON, E.C. 
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lOVE & Wyman, 

MLrnHmmt^^^ LIMITED, 

?rinter5, CithographetSi 

Cominereial and 
2)rawin9 Offiee Stationer5. 

Tracing LineriQ, 

Tracing Papers, 
AVliatman'Q Drawling Paper®. 

Cartridge and Detail Papers in continuous rolls 

and sheets. 

Mounted Papers of every description. 

Ferpo-Prussiate and other Sensitised Papers for 

copying Tracings. 

Drawing Office Sundries. 

General Stationery and Account Books. 

TRAOiMGS OOPtED BY AIL PROOESSES 

(Electric Light used when required). 

OUAMTtnES UTHOGRAPHED WITH DESPATOH^ 

For Prices and Samples please address — 

Love & Wyman. Ltd., 

Great Queen Street, London, W.C. 

AND 

8*4, ORKAT WINCHESTER STREET, E.a 
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C. BAKER. 



244, HICN HOLBOIN, LONDON. 

Tel^rams: "Optivorum, Lowdo*(." 
Telephone : " 1437, HoCsdRN." 



Mathematical & Surveying Instruments 







The " K8TATE •• Levels. 

i2-iDch 4B7 to O 

14-inch ... ..« M9 10 O 



14-rt. Painted Stair ... £2 O O 
66-rt. Chain O 6 6 



TRANSIT THEODOUTES. 

4-inch ... A2S 10 s-inch ... A24 10 O 6-inc)^ 



A26 10 O 



A Large Selection of SECOND-HAND Levels, Theodolites, 

Transits, and Drawing instruments by the Best Makers. 

CATALOGUES POST FREE '^ mSTRUMENTS REPAIRED, 

PURCHASED, AND EXCHANGED. 



W. HARDAKER, 

Surveyors* Xitbograpber, 
13, GRAY'S INN RD., LONDON* W.C. 



•^^•%rf"%rf*V^rf**'"*^****rf**^^rf^*rf'*' 



QUANTITIES, Ac, accurately and neatly LITHOGRAPHED at 
very moderate rates, and with the utmost despatch. SIC1LLED STAFF* 
Plans copied, enlarged, reduced, coloured. 



from tracings, by the ELECTRIC LIGHT, at short notice and low prices. | 

Architects and Surveyors assisted with Competent Draughtsmen. \ 



QUANTITIB8 BOXBB, 14 In. by 9 In. by 5 in.i 2s. ed. each. 

6 tor f 2a. (or to ordor). 
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f^HHts b'e appointment to 

THE BANK OF ENQLAHD AND ITS 



LOCI 



] 01-! o: : n il M — - 

STRC uw-9.^^s»^.. 

PART) 



Rebated 



a I VI NO ABSOI 



The atteatiiHi of Architects a diiected to H. H. & Co.'s Pmtent Cone 
VentiU-ors for Strong Koom and Bullion Vaults. 

A com pet ant Reprewnlntive Wilf be sent to confer with. Apchlteots desirous 
of Bpeoify<ng H. H. d Co.'s Manufactures. 



Show Rooms : 76, 

General Offices and Worl 
ARUMOTOM 




